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PART  L 

OF  THE  NITROUS  ACID. 


SECTION  I. 

Various  Ohfervations  relating  to  the  Procefs  for  making 
Spirit  of  Nitrey  and  of  the  Production  of  Air  in  the 
Courje  of  it. 

Having  had  occafion,  as  muft  have  been  feen, 
to  make  ufe  of  a confidcrable  quantity  of  fpi- 
rit  of  nitre,  it  will  not  be  wondered  at,  that  I fhould 
be  defirous  of  thoroughly  underftanding  the  chemi- 
cal procefs  by  which  it  is  made,  and  of  making  it 
myfelf.  This  I wifhed  to  do,  partly  to  fave  expence ; 
but  principally  to  examine  with  my  own  eyes  every 
VoL.  III.  B thing 
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thing  relating  to  it,  and  make  what  variations  1 
fhould  think  proper  in  the  procefs,  in  order  to  get 
the  acid  in' the  feveral  different  fiates  in  which  I might 
have  occafion  to  ufe  it,  without  depending  upon  the 
report  of  any  pradical  chemift. 

Having  acquainted  Mr.  Woulfe  with  my  wifhes, 
he  was  fo  obliging  as  to  furnifli  me  with  a moft  com- 
modious apparatus  for  the  purpole,  and  to  give  me 
inftru6i:ions  how  to  ufe  it. 

From  this  time  I have  made  fo  many  diftillations 
of  this  acid,  and  have  varied  the  circumftances  of 
it  fo  much,  that  I now  think  myfelf  qualified  to 
teach  others;  and  there  are  probably  few  perfons 
who  have  had  more  experience  in  this  particular  pro- 
cefs than  myfelf.  I think  myfelf  amply  reward- 
ed for  the  attention  I have  given  to  it,  and  I 
expert  to  derive  ftill  more  advantage  from  the  far- 
ther ftudy  of  it.  " 

As  feveral  of  the  obfervations  which  I have  made 
upon  this  procefs  are  of  confiderable  importance, 
and,  as  far  as  1 know,  are  original,  I lhall  give  an 
account  of  the  principal  of  them,  elpecially  fo  far 
as  they  tend  to  throw  light  upon  the  properties  of 
this  acid,  which  is  fo  important  an  agent  in  every 
thing  relating  to  the  bufinefs  of  air. 

It  was  firft  advanced  by  Mr.  Woulfe,  Phil. 
Tranf.  Vol.  XVII.  p.  178,  and  is  now  generaUy 

taken 


L 


NITROUS  ACID. 


3 


taken  for  granted,  that  in  this  procefs,  as  well  as  in 
feveral  other  chemical  diftillations,  there  is  a very 
great  abforption  of  air.  This  always  appeared  to 
me  very  extraordinary,  and  to  agree  very  ill  with 
what  I had  myfelf  obferved  concerning  the  produc- 
tion of  air.  Nitre  itfelf,  I knew,  would  yield  air, 
and  of  a very  pure  kind  i and  though  the  addition  of 
oil  of  vitriol  would  not  add  to  the  quantity,  I faw  no 
reafon  to  think  that  it  could  diminijh  it.  Had  there, 
indeed,  been  any  phlogiftic  matter  in  the  retort,  it 
would  diminifli  the  air  contained  in  the  veflels,  and 
the  fumes  of  the  fpirit  of  nitre  itfelf  have  certainly 
the  fame  effedl.  But  this  could  not  well  exceed 
one  fourth  of  the  whole,  and  this  by  no  means  came 
Up  to  what  was  generally  fuppofed  of  the  great  con- 
fumption  of  air  upon  this  occafion.  And,  though  I 
knew  that  there  muft  neceflarily  be  a diminution,  by 
phlogiftication,  of  the  common  air  contained  in  the 
retort  and  the  receiver,  &c.  yet  I could  not  help 
thinking  it  probable,  that  the  air  which  would  be 
generated  from  the  materials  would,  in  moil  cafes, 
and  efpecially  if  great  heat  was  ufed  in  the  procefs, 
and  if  it  was  urged  to  the  utmoft,  more  than  fupply 
that  deficiency. 

Accordingly,  the  firfl:  time  that  I had  an  oppor- 
portunity  of  feeing  this  procefs  from  the  beginning  to 
the  end,  I added  a fmall  apparatus  for  receiving  the 
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air  that  might  come  from  it,  or  at  leaft  to  enable 
me  to  form  a tolerable  judgment  whether  there  was, 
in  realit}r,  an  excefs  either  of  Ujs  or  gam  refpe(5t 

to  air  in  the  courfe  of  it ; and  I faw  enough  to  con- 
vince me  that  there  was^  at  that  time,  an  evident 
production  of  air.  ' 

The  quantity  of  fpirk  of  nitre  that  we  made  was 
about  fix  ounces,  with  the  proportion  of  fix  ounces 
of  oil  of  vitriol  to  eight  of  nitre.  The  generation  of 
air  was  obfervable  in  aliTiofi;  every  part  of  the  pro- 
cefs,  but  more  efpecially  towards  the  end  of  it ; and 
all  the  air  that  I caught  appeared  to  be  better  than, 
common  air;  the  firft.part  of  it  in  the  proportion  of 
one  and  a half  to  one,  and  the  reft  of  two  to  one.., 
Alfo  a confiderable  quantity  came  afterwards,  which 
I did  not  catch,  but  only  obferved  that  when  it  was 
difcharged  into  the  open  air,  it  was  cloudy,  as  de- 
phlogifticated  air,  when  it  is  firft  produced,  gene- 
rally is.  Indeed  the  fuperior  quality  of  this  air  fuf- 
ficiently  proved  that  it  was  not  the  common  air  ex- 
pelled by  heat  from  the  retort  and  receiver,  but 
muft  have  been  produced  from  die  materials  em- 
ployed in  the  procefs. 

Though  I was  myfelf  fufiiciently  latisfied  wkh 
the  refult  of  this  firft  experiment,  I was  willing  to 
put  an  end  to  all  polTible  doubt  with  refpe(51:  to  it,  by 
repeating  die.  procefs  when  the  neck  of  the  retort^ 

and 
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and  the  whole  body  of  the  receiver/ fhould  be  covered 
with  water,  with  a glafs  valve  (fuchas  Mr.  Parker 
makes  for  his  apparatus  for  impregnating  water  with 
fixed  air)  adapted  to  the  upper  part  of  the  receiver, 
in  order  to  let  out,  and  colle^V,.  whatever  air  might 
be  expelled  or  generated,  but  to  admit  of  no  return 
of  air  into  the  veflels ; and  when  the  procefs  fhould 
be  over  to  make  an  opening  into  the  apparatus  under 
water,  which  only  would  then  be  admitted  to  fupply 
the  place  of  the  air.  By  making  the  procefs  in 
thefe  circumdanees,  carefully  colledling  all  the  air 
that  fhould  iffiie  from  the  valve,  meafiiring  the  quan- 
tity of  water  that  fhould  enter  the  velTels  when  the 
procefs  was  over,  and  comparing  this  quantity  with 
the  contents  of  the  retort  and  receiver  together,  I 
could  not  fail  to  afeertain  the  fa61:  in  the  mod  fatid 
fadlory  manner  poflible.  The  particulars  of  the 
experiment  were  as  follow,  and  they  abundantly 
prove  that  air  is  not  abforb^d,  but  generated,  in  this 
procefs, 

I put  into  the  retort  ten  ounces  of  nitre,  and 
eight  ounces  of  oil  of  vitriol  ^ and  plunging  the  end 
of  the  retort,  and  the  whole  body  of^the  receiver,  in  a 
trough  of  water,  left  an  orifice,  to  which  was  fitted 
a glafs  valve.  Towards  the  beginning  of  the  pro- 
cefs, twenty  three  ounce  meafures  of  common  air 
were  expelled ; but  very  little  afterwards,  till  near 
the  eod  of  the  procefs,  when  I received  thirty  two 
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ounce  meafures  of  air,  the  bulk  of  which  was  fo 
pure,  that  one  meafure  of  it  required  an  equal  mea- 
fure  of  nitrous  air  to  faturate  it,  and  the  very  laft 
that  came  was  fo  pure,  that  it  took  twice  its  quan- 
tity of  nitrous  air,  without  being  in  the  leaft  increafed 
in  bulk. 

Opening  the  receiver  under  water,  there  rufhed 
into  it  twenty  nine  ounces  of  water,  and  I found 
that  the  whole  cavity  of  the  receiver  and  retort 
together,  exclufive  of  the  fpace  occupied  by  the 
materials  for  the  experiment,  was  forty  fix  ounce 
meafures ; fo  that  there  were  twenty  fix  ounce 
meafures  of  air  generated.  Had  even  the  whole 
cavity  of  the  retort  and  the  receiver  been  filled 
with  water  on  opening  them,  ftill  there  would 
have  been  nine  ounce  meafures  produced;  for  fo 
much  did  the  quantity  of  air  expelled  from  the  vef- 
fels  exceed  their  utmoft  contents. 

After  this  experiment,  no  reafonable  doubt,  I 
think,  can  remain  with  refpe6t  to  the  fadt.  For 
there  cannot  be  any  difference,  in  the  nature  of  the 
thing,  whether  the  diftillation  be  made  in  a fmaller, 
or  in  a larger  way.  However,  I have  fince  frequent- 
ly diflilled  pretty  large  quantities  of  this  acid ; and 
though  I did  not  make  the  experiment  with  fo  much 
attention  as  in  the  laft  cafe,  every  appearance  that  I 
did  attend  to  confirmed  me  in  the  fame  fentiment. 
Nor  do  I fee  what  could  have  given  occafion  to  the 
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contrary  opinion,  befides  the  entrance  of  the  air  into 
the  receiver  when  the  apparatus  was  cooling,  at  the 
conclufion  of  the  procefs,  without  confidering  how 
much  had  been  expelled  from  the  veffels  while  they 
were  heating.  It  is  polTible,  liowever,  that  if  the 
procefs  fhould  not  be  urged  to  the  laft,  the  quantity 
of  ait  produced  might  not  fupply  the  lofs  occafioned 
by  the  diminution  of  the  common  air,  from  the  fumes 
of  th!e  generated  fpirit  of  nitre ; fince  this  diminution 
may  be  one  fourth  of  the  capacity  of  the  veffels.  But 
the  lofs  mu  ft  exceed  this  proportion  before  it  can 
appear  that  there  is  any  proper  abjorpion  of  air  in 
this  procefs. 

The  fource  of  the  air  produced  in  this  procefs  is, 
unqueftionably,  the  acid  of  the  nitre  ; when  the  heat 
is  very  great,  I have  obferved  that  in  this,  as  well 
as  in  other  proceffes,  a greater  quantity  of  a pow- 
dery fubftance  will  be  carried  off  by  this  acid  more 
than  it  can  hold  in  folution  when  it  is  cold.  On 
one  occafion  in  particular,  when  I was  diftilling  a 
pretty  large  quantity  of  ipirit  of  nitre,  from  nitre 
that  was  not  very  clean,  and  when  the  heat  was  ac- 
cidently greater  than  it  ought  to  have  been,  a denfe 
cloud  of  whitifh  matter  poured  from  the  retort  into 
the  receiver,  quite  filling  the  lower  part  of  it,  and 
rendering  it  almoft  intirely  opaque  ; and  the  Ipirit 
of  nitre  which  came  over  at  that  time,  and  which  I 
received  feparately,  in  Mr.  Woulfe's  manner,  had  a 
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pretty  large  quantity  of  whitifli  fediment,  exactly 
like  that  which  I had  fometimes  coUedbed  after  the 
produdion  of  dephlogifticated  air  that  had  been  very 
cloudy.  I have  likewife  had  a fediment  of  the  fame 
kind  in  various  procefles  for  diftilling  fpirit  of  nitre, 
though  never  fo  much  of  it  as  on  this  particular 
occafion.  Something  like  it  is  alfo  generally  found 
after  evaporating  to  drynefs  a quantity  of  fpirit  of 
nitre ; in  doing  which  I had,  at  one  time,  the  fol- 
lowing appearances,  and  with  the  account  of  them 
I fhall  clofe  this  fedion. 

In  evaporating  a quantity  of  fmoking  Ipirit  of 
nitre,  in  a deep  phial,  the  fumes  were  firft  red,  but 
afterwards  quite  tranfparent  within  the  phial,  and  a 
fmall  quantity  of  the  white  fediment  remained,  which 
became  yellow  when  water  was  poured  upon  it.  x./ 

There  is  alfo  a fmall  white  refiduum  after  the  eva*- 
poration  of  oil  of  vitriol.  This  Dr*  Withering 
found  to  be  felenite. 
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SECTION  IL 

Ohjervations  relating  to  the  Colour  and  Strength  of  the 
Nitrous  Acid,  according  to  different  Circumftances  m 
the  Procefs  for  making  it, 

IT  is  obvious  to  fuppofe  that  the  more  of  the  acid 
vapour  is  condenfed  in  any  given  quantity  of 
fluid,  the  ftronger  the  acid  muft  be  ; and  it  ap- 
pears to  me,  that  it  is  impoflible  to  increafe  the 
ftrength  of  the  acid,  without  in  fome  meafure  heigh- 
tening the  colour  of  it,  though  the  colour  alone 
affords  no  fufficient  indication  of  Its  ftrength.  Be- 
caufe  an  addition  of  phlogifton,  which  in  fa6t  weakens 
the  acid,  by  a kind  of  faturation,  likewife  heightens 
its  colour  \ and  before  I made  my  own  fpirit  of  ni- 
tre, I was  often  deceived  by  this  circumftance,  and 
fometimes,  I fufpedt,  impofed  Upon ; having  bought 
fpirit  of  nitre  of  a very  weak  quality,  hardly  dif- 
tinguiftiable  in  colour  from  the  very  ftrongeft.  In 
general,  the  light  yellow  fpirit  of  nitre  is  the  beft, 
containing  with  the  moft  acid,  the  leaft  phlogifton ; 
but  it  feems  to  be  impoffible  to  procure  an  acid 
much  exceeding  the  ftrength  of  this  beft  common 

5 fort. 


OBSERVATIONS  ON 


lO 


Part  L 


fort,  without  giving  it  a deeper,  or  an  orange  co- 
lour. 

The  laft  part  of  every  produce  of  fpirit  of  nitre 
is  of  a deeper  colour  than  the  reft  3 and  this  I have 
always  found  to  yield  lefs  nitrous  air  than  the  pale 
yellow  acid  that  preceded  it.  And  it  is  remarkable, 
that,  though  thefe  acids  be  received  in  the  fame  vef- 
fel,  they  will  continue  unmixed  more  than  a day, 
and  the  uppermoft  may,  with  care,  be  poured  off* 
from  the  lower.  When  I firft  obferved  this,  I 
thought  it  to  be  owing  to  the  phlogifton  making  the 
Ipirit  of  nitre,  which  was  highly  charged  with  it, 
fpecifically  lighter  than  the  reft,  and  therefore  dif- 
pofed  to  remain  at  the  top  of  it  3 till  1 obferved  the 
fame  thing  concerning  that  phlogifticated  fpirit  of 
nitre  which  always  comes  firft,  when  fubftances  con- 
taining phlogifton  are  mixed  with  the  materials  in 
the  procefs.  For  this  deep  orange  coloured  fpirit 
remains  in  the  bottom  of  the  phial,  without  feeming 
to  be  at  all  difpofed  to  rife,  and  mix  with  the  yel- 
low fpirit,  which  refts  on  the  top  of  it. 

I have  frequently  taken  the  produce  of  nitrous  acid 
in  the  courfe  of  a diftillation  at  feveral  times,  in  or- 
der to  make  obfervations  on  their  ftrength,  and 
other  phenomena  attending  the  folution  of  metals  in 
them.  Of  one  of  thefe  proceftes  I ftiall  give  a par- 
ticular account,  becaufe  I gave  more  attention  to 
it  than  to  any  other,  though  I have  frequently  ob- 
ferved 
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ferved  all  the  fame  things  in  various  other  diftil-. 
lations. 

In  diftilling  a large  quantity  of  fpirit  of  nitre  I 
received  the  acid  at  four  times.  The  firft  produce, 
was  very  pale,  and  ftronger  than  any  that  came  af- 
terwards. A quantity  of  it  occupying  the  fpace  of 
two  pennyweights  of  water,  produced,  without  heat, 
nine  ounce  meafures  and  a half  of  nitrous  air.  It 
elFervefced  violently  on  mixing  with  water,  emitting 
denfe  red  fumes,  and  its  aftion  was  the  ftrongeft  at 
firft.  T he  fecond  part  of  the  produce  was  ftill  paler, 
and  yielded  eight  ounce  meafures  and  a half  of  nitrous, 
air.  This  alfo  mixed  with  water  with  effervefcence, 
and  its  adion  was  the  ftrongeft  a little  time  after  it  v/as 
firft  applied.  The  third  part  of  the  produce  was 
brown  j it  made  no  effervefcence  in  mixing  with  wa^ 
ter,  and  yielded'  feven  ounce  meafures  and  a quarter 
of  nitrous  air,  which  came  ftowly  at  firft,  but  quicker 
afterwards.  The  laft  part  of  the  produce  was  of  a 
deep  orange  colour ; it  made  no  effervefcence  in 
mixing  with  water,  the  air  was  produced  equally, 
and  was  in  quantity  five  ounce  meafures. 

Repeating  the  experiments  on  the  produflion  of 
air  with  thefe  acids  the  day  following,  I found  that 
they  all  yielded  confiderably  lefs,  without  heat,  than 
they  had  done  the  day  before  ; and  even  a boiling 
heat  did  not  make  them  yield  fo  much  air  as  they 
had  done  before  without  heat.  The  difference  alfo 
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in  the  production  of  air  was  in  aboutthc  fame  propor- 
tion as  the  day  before  ; but  the  difference  between 
the  produce  of  air  from  the  laft  produce  of  the  acid, 
which  yielded  lefs  air  both  with  and  without  heat, 
was  much  greater  than  in  the  former,  which  yielded 
more  air. 

It  was  evident  from  this  experiment,  and  the  fame 
was  the  refult  of  feveral  others,  that  the  acid  which 
comes  over  firft  in  diftillation  is  the  flrongeft  j which 
may  poffibly  be  owing  to  its  being  the  purefty  in 
confequence  of  containing  the  leaft  mixture  of  vi- 
triolic acid  : for  it  is  made  much  lefs  cloudy  by 
the  mixture  of  a folution  of  filver  in  the  nitrous 
acid. 

Thinking  to  procure  a very  ftrong  fpirit  of  nitre, 
I ufed  oil  of  vitriol  highly  concentrated ; and  I boiled 
the  nitre  which  I ufed  a long  time  in  a glafs  veffel, 
fb  as  to  exclude  all  the  water  I could  from  the  pro- 
cefs,  and  admit  as  little  phlogijion  as  polTible.  But 
though  the  produce  was  a fpirit  of  nitre  fomewhat 
ftronger  than  any  that  I had  made  before,  the  differ- 
ence was  not  confiderable ; nor  could  I be  fure  that, 
in  a number  of  trials,  the  advantage  would  be  on 
its  fide. 

Though,  in  this  procefs,  I took  all  poffible  care 
to  exclude  phlogifton,  the  whole  produce  was  of  a 
brov/nifh  colour.  On  mixing  the  ingredients,  a 
great  heat  was  produced,  and  very  red  fumes  pre- 
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fently  filled  the  retort ; whereas,  in  the  common 
procefs,  it  is  only  a whitifh  cloud,  like  vapour  of 
water,  that  riles  firft.  On  the  application  of  heat, 
the  retort  prefently  became  clear,  and  the  red  va- 
pours palled  into  the  adopter  and  receiver  ; but  to- 
wards the  end  of  the  procefs  they  re-appeared  in 
the  retort.  Upon  the  whole,  therefore,  the  phe- 
nomena of  this  dillillation,  except  at  the  firft  mixing 
of  the  ingredients,  did  not  at  all  differ  from  thofe  of 
the  common  one. 

That  the  brown,  or  deep  orange  colour,  in  the 
Ipirit  of  nitre,  is  imparted  to  it  by  phlogifton,  evi- 
dently appeared  by  mixing  a little  charcoal  with 
the  other  materials  in  this  dillillation  ; when  feveral 
adopters,  which,  forefeeing  the  confequence,  I had 
purpofely  provided,  were  all  filled  with  copious  red 
fumes,  and  a very  brown  fpirit  of  nitre  was  produced. 
Much  air  alfo  was  generated,  part  of  which  was 
fixed,  and  part  ftrongly  nitrous. 

A fmall  quantity  of  brafs  dujl  had  a limilar  effedr, 
in  phlogifticating  the  Ipirit  of  nitre.  The  lame  allb 
had  a few  drops  oi fpirit  of  wine^  and  other  fubftances 
containing  phlogifton.  But  if  much  Ipirit  of  wine, 
oil  of  turpentine,  or  other  fluid  fubftances,  of  a limi- 
lar nature,  be  made  ufe  of,  the  heat,  and  the  quan- 
tity of  vapour  becomes  exceffive,  and  the  procefs 
cannot  go  on. 
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When  I ufed  oil  of  vitriol  that  was  only  black, 
1 found  no  fenfible  difference  in  the  fpirit  of  nitre, 
from  that  which  had  been  got  from  oil  of  vitriol 
perfedlly  tranfparent ; the  quantity  of  phlogifton  ne- 
ceffary  to  blacken  oil  of  vitriol  being  too  inconfider- 
able  to  have  any  fenfible  effect  in  this  procefs. 

I have  obferved  that  phlogifton  deepens  the  colour 
of  Ipirit  of  nitre,  but  it  is  remarkable  that  beat  alfo, 
without  any  addition  of  phlogifton,  produces  the 
fame  effed ; as  may  prefently  be  obferved  by  heat- 
ing a quantity  of  the  paleft  coloured  fpirit.  This  is 
a'  phenomenon  exadly  ftmilar  to  that  of  the  tubes 
and  phials  filled  with  the  nitrous  vapour,  which  alfa 
aflume  a deeper  colour  when  they  are  made  warm. 
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Of  the  Colour  of  the  Nitrous  Add, 

IH  AV  E obferved  that  heat  never  fails  to  give  a 
high  orange  colour  to  the  paleft  fpirit  of  nitre, 
and  that  with  the  iefs  heat  the  acid  is  made,  the 
lighter  the  colour  of  it  will  be.  Having  purpofely 
made  the  procefs  for  diftilling  this  acid  with  as  little 
heat  as  pofTible,  and  taking  care  to  have  no  phlo- 
giftic  matter  in  the  materials,  I procured  a large 
quantity  of  the  acid  (that  which  came  in  the  middle 
of  the  diftillation)  as  nearly  as  pofiible  quite  colour- 
lefs,  like  water,  and  yet  of  the  llrongeft  fort. 

I have  alfo  obferved  a farther,  and  a very  remark- 
able change  of  colour  in  the  phlogifticated  nitrous 
acid,  after  being  kept  a long  time  in  phials  with 
good  glafs  Hoppers.  For  from  being  of  the  deeped 
orange,  it  has  become  quite  green^  the  fuperincum- 
bent  vapour  continuing  Hill  of  an  orange  colour. 

This  change  I firft  obferved  in  a confiderable 
quantity  of  nitrous  acid,  which  had  been  of  a light 
draw  colour,  and  had  aflumed  the  deepeft  orange, 
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by  expofure  to  heat  in  a glafs  tube  hermetically  feal- 
ed.  This  was  alfo  the  cafe  with  feveral  quantities 
of  the  acid  incumbent  on  the  cryftals  of  oil  of  vi^ 
triol,  of  which  I lhall  make  frequent  mention ; and 
in  one  of  the  phials  it  had  pafied  from  green  to  a_ 
deep  blue. 

I muft  alfo  take  notice,  in  illuftration  of  this 
fa6t,  that,  in  the  procefs  for  producing  the  nitrous 
vapour,  viz.  the  rapid  folution  of  bifmuth,  the  li- 
quid that  comes  over,  mixed  with  the  vapour,  and 
which  drops  now  and  then  from  the  end  of  the  tube 
out  of  which  the  vapour  iflues,  is  generally  of  a 
deep  blue. 

I.a{lly,  if  a quantity  of  this  deep  green  acid  be 
put  into  a large  phial,  where  the  vapour  has  liberty 
to  expand  itfelf,  it  refumes  its  orange  colour.  This 
I have  alfo  obferved  is  the  cafe  on  pouring  it  on 
concentrated  vitriolic  acid. 

I have  fince  that  made  many  more  obfer- 
vations  relating  to  the  colour  of  this  acid ; 
and  I think  I have  decifively  proved,  that  neither 
this  acid,  nor  the  muriatic,  have,  naturally,  any 
more  colour  than  the  vitriolic  acid,  or  than  water 
itfelf  j being  able  to  give  them  colour,  clijange  it, 
or  wholly  take  it  away  at  pleafure  ; and  fome  of  the 
circumftances  in  which  thefe  changes  take  place  arc 
not  a little  remarkable. 
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The  fads  that  I fliall  relate  prove  that  it  is  either 
fhlogijiofiy  or  mere  heaty  that  gives  colour  to  this 
acid,  that  this  colour  may  alfo  be  all  expelled  by 
heat  y but  that  continuance  of  heat  will  give  it 
more  colour,  and  deepen  it  at  pleafure,  fo  that 
more  heat,  in  glafs  velTels  hermetically  fealed,  leems 
to  have  the  fame  effed  with  phlogifton.  But, 
more  probably,  heat  affeds  it  in  fuch  a manner,  as 
to  develope,  as  it  were,  the  phlogifton  it  contained 
before,  and  put  it  into  a new  fiatey  rendering  that 
part  of  the  acid  to  which  it  is  attached  both  more 
volatile,  and  alfo  dlfpofed  to  refled  the  rayS  of 
light  in  a particular  manner;  whereas,  before  this 
adion  of  the  heat,  the  phlogifton  was  latenty  at 
leaft,  did  not  evidence  itfelf  by  thofe.  particular 
effeds.  It  will  appear,  however,  hereafter,  that 
Jieat  gives  colour  to  the  nitrous  acid  by  expelling 
the  pure  air,  which  leaves  the  reft  phlogifticated. 

On  the  firft  of  Auguft,  1777,  I refumed  my 
experiments  on  this  fubjed ; when,  having  provided 
a fand  furnace,  to  be  kept  hot  for  a confiderable 
time,  for  many  purpofes  that  will  be  mentioned  in 
the  courfe  of  this  volume,  I put  a quantity  of  ftrong 
and  pale  coloured  fpirit  of  nitre  into  a glafs  tube, 
about  an  inch  in  diameter,  and  three  feet  long ; and, 
fealing  it  hermetically,  I placed  it  in  the  warm 
fand.  Taking  it  out  after  fome  tim.e,  I found  it 
orange  coloured  ,*  and  though  it  was  more  deeply 
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coloured  while  it  continued  hot  than  it  was  after- 
v/ards,  it  retained  fo  much  of  the  colour,  as  to  be 
ever  after  of  as  deep  an  orange  colour  as  fpirit  of 
nitre  is  generally  found  to  be.  And  though  before 
this  procefs  the  vapour  rifing  from  it  was  quite 
colourlefs,  there  being  nothing  vifible  above  the 
furface  of  the  acid,  in  the  phial  from  which  it  was 
taken,  the  whole  tube  (which  I have  obferved  was 
three  feet  in  length)  was  uniformly  filled  with  the 
dark  orange  coloured  vapouiv 

This  procefs  being  performed  in  a glafs  tube 
hermetically  fealed,  I was  fully  fatisfied,  that  this 
colour  which  the  acid  had  affumed  could  not  be 
owing  to  any  thing  befides  heat.  That  it  was  nor 
owing  to  any  thing  peculiar  to  the  glafs  of  lead,, 
of  which,,  in  a great  meafure,  flint  glafs  eonfifls„ 
was  evident  from  obferving  the  fame  effe6t  on  the 
acid  when  the  experiment  was  made  in  common 
green,  or  bottle  glafs ► 

Having  about  the  fame  time  expofed  to  a heat 
of  fome  continuance  feveral  quantities  of  blue  and 
green  fpirit  of  nitre,,  it  may  not  be  improper  to 
note  the  refults  of  thefe  experiments  in  this  place.. 
In  one  inftance,  the  green  fpirit  of  nitre  became 
orange  coloured  ^ but  when  it  was  cold  it  was 
almoft  as  green  as  at  firfl,  though  there  was  evi- 
dently a mixture  of  yellow  in  it. 
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When  I had  expofed  a quantity  of  blue  fpirit 
of  nitre  in  a long  glafs  tube  a few  days,  the  blue 
colour  was  barely  perceivable.  It  was  placed  in 
the  fand  furnace  on  the  23d  of  Auguft,  and  on 
the  30th  of  September  following  it  was  entirely 
colourlefs,  and  had  no  vifible  red  vapour  over  it; 
when  cold. 

I alfo  expofed  to  a very  moderate  heat  a fmall 
phial  with  a ground  ftopper,  almoft  filled  with  a 
deep  blue  nitrous  acid,  when  it  prefently  aflumed  a 
deep  green,  and  when  it  was  cold  it  refumed  its 
former  blue  colour.  In  this  experiment  the  heat 
had  not  been  continued  fufficiently  long  to  produce' 
a permanent  change  of  colour.  For,  having  ex- 
pofed to  a moderate  heat,  in  a long  glafs  tube, 
hermetically  fealed,  a quantity  of  blue  nitrous  acid, 
it  loft  its  blue  colour,  and  aflumed  a yellow  one ; 
and  when  it  was  cold  the  blue  colour  did  not  re- 
turn, except  in  the  fmalleft  degree. 

I did  not,  however,  come  to  this  concluflon 
concerning  the  caufe  of  the  change  of  colour  in 
this  acid  in  the  fummary  manner  above  delcribed ; 
but  in  confequence  of  a feries  of  obfervations,  at- 
tended with  a variety  of  circumftances,  fome  of 
which  were  remarkable  enough, 

A little  time  before  I had  made  the  experiments 
above  recited,  I had  begun  a new  mode  of  examin- 
ing a variety  of  fluid  fubftances;  which  was  to 
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put  a fmall  quantity  of  the  fluid  into  a glafs  tube, 
three  or  four  feet  long,  and  feaiing  it  hermetically^ 
to  expofe  the  end  containing  the  fluid  to  as  great 
a degree  of  heat  as  I found  it  could  bear  \ and  to 
keep  it  in  that  heat  a confiderable  time.  My  de- 
fign  in  providing  tubes  of  this  length  was  to  give 
room  enough  for  the  vapour  to  expand,  and  con- 
denfe  in  the  remote  and  cool  end  of  the  tube,  while 
it  was  boiling  in  the  other  end. 

In  this  manner  I expofed  to  the  influence  of  heat 
a fmall  quantity  of  fpirit  of  nitre,  as  I had  done  a- 
variety  of  other  fluid  fubflances,  without  any  par- 
ticular expeftation. 

The  acid,  however,  no  fooner  felt  the  heat  than 
it  exhibited  appearances  that  engaged  my  attention 
very  flrongly. 

The  fpirit  of  nitre  I made  ufe  of  was  of  the 
ftrongeil  and  paleft  fort,  without  the  leafb  perceiv- 
able red  vapour  over  the  furface  of  it.  The  glafs 
tube  in  which  it  v/as  confined  was  about  four  feet 
long,  and  about  one  third  of  an  inch  in  diameter, 
and  the  fpace  occupied  by  the  acid  was  two  inches 
in  length.  The  tube  thus  prepared  I held  in  my 
hand,  prefenting  the  end  in  which  was  the  fpirit 
of  nitre  to  a common  fire,  and  holding  the  tube 
in  an  inclined  pofition.  The  firft  effedl:  of  the 
heat  to  which  it  v/as  expofed,  was  its  affuming  an 
orange  colour  throughout.  After  this,  a deep 
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orange  coloured  vapour,  appeared  above  the  fur- 
face  of  the  acid,  and  gradually  afcended  higher 
into  the  tube,  at  the  fame  time  that  the  acid  itfelf 
grew  paler,  and  at  length  became  quite  colourlefs, 
like  water,  all  the  colouring  master  being,  to  ap- 
pearance, driven  out  of  it. 

This  red  vapour  kept  rifing  higher  and  higker 
in  the  tube,  leaving  a conliderable  fpace,  fome  times 
of  ten  or  twelve  inches,  between  it  and  the  acid, 
all  which  fpace  was  quite  tranfparent.  This  was 
a very  pleafing  appearance,  and  it  was  amufmg  to 
cbferve  the  fpaoe  occupied  by  the  red  vapour, 
which  extended  three  or  four  inches,  every  thing 
eife  in  the  tube  above  and  below  it  being  tranf- 
parent,  and  the  red  fpot  itfelf  receding  from  the 
acid  as  the  heat  increafed,  or  approaching  to  it  as 
the  heat  diminifhed. 

I obferved,  however,  that  by  the  continued  ap- 
plication of  heat  the  quantity  of  red  vapour  in- 
creafed, and  the  colour  grew  manifeftly  deeper. 
I then  withdrew  it  from  the  fire,  and  pi  efently  faw  the 
red  vapour  defcend  lower  and  lower,  till  it  reached 
the  colourlefs  acid  at  the  bottom  of  the  tube,  and, 
entering  into  it,  communicated  to  it  its  own  orange 
colour.  But  when  it  was  quite  cold,  I did  not,  at 
that  time,  perceive  that  the  acid  was  of  a deeper 
colour  than  it  had  been  at  the  commencement  of 
the  procefs,  and  no  vifible  vapour  remained  upon 
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it.  To  produce  a permanent  colour,  as  I obferved 
before,  more  tme  was  requifite. 

When  one  of  thefe  tubes  had  been  thoroughly 
heated  two  or  three  times,  and  the  laft  time  had 
been  expofed  to  a boiling  heat  for  about  an  hour 
(the  heat  having  been  fuch  as  to  keep  the  acid 
quite  colourlefs,  and  likewife  to  make  a large  co- 
lourlefs  Ipace  above  the  acid)  I let  it  cool  in  a very 
good  light,  and  then  obferved,  that  as  the  red  va- 
pours defcended,  and  the  condenfed  liquor,  highly 
charged  with  it,  trickled  down  the  tube,  and  mixed 
with  the  colourlefs  acid  below,  it  made  zvaves  in 
the  acid,  fomething  like  oil  in  water,  or  rather  like 
the  mixture  of  a ftrong  acid  in  water,  and  that 
this  dcnfer  acid  defcended  in  thefe  vifible  waves 
to  the  very  bottom  of  the  liquor;  and  yet  wheri 
the  depth  of  tl>e  acid  was  about  two  inches,  the 
upper  part  was  fenfibly  darker  coloured  by  this 
means  than  the  lower.  I alfo  obferyed,  that  while 
the  acid  was  acquiring  its  colour,  as  long  as  it  con- 
tinued tolerably  warm,  a vapour  kept  iffuing  out 
of  it,  and  dancing  in  a beautiful  manner  to  the 
heighth  of  an  inch,  or  two  inches,  above  the  fur- 
face  of  it. 

I had  feveral  tubes  in  which  this  procefs  had 
been  perfornoed,  one  of  which  was  an  inch  wide, 
and  three  feet  long ; and  though  it  had  only  a fmall 

quantity  of  acid  in  it,  originally  of  a pale  colour, 
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and  without  any  vifible  vapour,  the  whole  of  that 
large  tube  was  filled  with  the  denfeft  orange  co- 
loured vapour  expelled  in  this  manner  from  the  pale 
acid,  and  it  continued  fo  more  than  a year,  without 
any  appearance  of  the  vapour  entering  into  the  acid 
again;  except  that  the  colour  of  the  acid,  from 
being  of  a deep  orange,  which  it  retained  a con- 
fiderable  time,  became  quite  green.  This  was  alfo 
the  cafe  v/ith  a pretty  large  quantity  of  the  acid, 
which  had  been  quite  pale,  but  was  made  of  a deep 
orange,  by  expofure  to  heat  in  glafs  veflels  her- 
metically fealed,  and  in  that  ftate  transferred  into 
a phial  with  a ground  flapper,  and  which  was  kept 
clofe  fhut  near  a year. 

I had  now  tubes  filled  with  the  red  vapour  of 
fpirit  of  nitre  exadlly  refembling  thofe  of  which 
an  account  will  be  given  hereafter,  made  by  the 
rapid  folution  of  bifmuth  in  fpirit  of  nitre ; and  1 
found  that  thefe  had  the  very  fame  property.  For 
whatever  part  of  thefe  tubes  1 heated  with  the  flame 
of  a candle,  it  became  of  an  intenfely  orange,  or 
.red  colour,  while  the  parts  both  above  and  below 
it,  which  were  not  heated,  remained  unchanged. 

Having  been  much  pleafed  with  this  expul- 
fion  of  ail  the  colouring  matter  from  a quantity  of 
fpirit  of  nitre  ; and  feeing  it  in  the  form  of  vapour 
confined  to  the  fpace  of  four  or  five  inches,  in  the 
middle  of  a very  long  glafs  tube,  which  was  quite 
C 4 tranfparent 
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tranfparent  above  and  below  it,  I made  feveral  at-« 
tempts  to  feparate  this  coloured  vapour  from  the 
fluid,  out  of  which  it  had  been  expelled,  by  melt- 
ing the  tube  in  the  intermediate  colourlefs  fpace, 
and  fealing  it  herrnetically.  But  thefe  attempts 
were  in  vain,  on  account  of  the  increaled  expahfive 
force  of  the  vapour  in  that  heated  ftate.  The  air 
was  expelled  from  the  acidy  which  I was  not  then 
aware  of. 

I imagined  that  I might,  by  this  means,  when 
the  tube  was  quite  filled  with  red  vapour,  and  cold, 
take  it  off  from  the  acid,  and  preferve  it  red  and 
dry,  or  nearly  fo.  But  in  attempting  this,  I pre- 
fently  found  that  there  had  been  a great  inci^eafe 
ofelaftic  matter  within  the  tube.  For  the  moment 
I had  a little  foftened  a part  of  the  tube,  in  order 
to  tal<^e  it  off  from  the  reft,  the  red  vapour  rufhed 
out  with  great  violence.  It  is  poffible,  however, 
by  this  means,  to  get  a tube  filled  with  a moderately 
red  vapour.  But  foon  after  I hit  upon  a much 
eafier  method  of  effe61:ing  the  fame  thing. 

Though  I could  not  feparate  the  red  vapour 
from  the  colourlefs  acid  while  it  was  boiling,  it' 
was  very  eafy,  I found,  by  boiling  the  acid  in  a 
fhort  tube,  or  phial,  to  expel  all  the  colouring  mat- 
ter from  it,  and  thus  to  get  a quantity  of  fpirit  of 
nitre  quite  free  from  all  colour;  which  I accord- 
ingly did,  and  then  imagined  that,  the  coloured 

vapour 


NITROUS  ACID. 


Se^.JIL 


vapour  being  wholly  expelled  from  it,  the  acid 
would  always  continue  colourlefs.  And  fo,  indeed, 
it  did  after  it  was  quite  cold  and  it  will  continue 
without  return  of  colour,  and  be  but  little  diminifh- 
ed  in  quantity,  or  impaired  in  ftrength,  fo  long  as 
it  is  kept  from  the  contadt  of  any  thing  that  con- 
tains phlogifton,  or  from  much  heat.  But,  to  my 
great  furprife,  at  that  time,  I found  that  either  of 
thofe  circumflances  would  make  this  colourlefs  acid 
refume  its  former  colour,  or  acquire  a deeper  one 
than  it  had  before.  It  was,  however,  by  accident, 
that  I firft  learned  this. 

Having  procured  a quantity  of  nitrous  acid  quite 
colourlefs,  I put  a part  of  it  into  a phial  which 
had  a common  cork  (a  phial  with  a glafs  Hopper 
happening  not  to  be  at  hand)  and  not  lufpedling 
that  this  circumftance  would  affed:  the  colour  of 
the  acid,  which  was  a confiderable  diftance  from 
the  cork.  I found,  however,  after  two  days,  when 
I took  out  the  cork,  that  the  acid  fmoked  very 
much,  and  had  completely  recovered  its  original 
yellow  colour,  fo  as  not  to  be  diftinguilhed  at  fight 
from  what  it  had  been  before  the  colouring  matter 
had  been  expelled  from  it.  I then  took  a part  of 
this  acid,  and  inclofing  it  in  a glafs  tube,  which  I 
fealed  hermetically,  expofed  it  to  the  heat  as  be- 
fore, when  it  became  of  an  orange  • colour ; and 
refuming  the  procefs  in  open  tube,  I drove  out 
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the  colouring  vapour  once  more,  and  made  the 
acid  a iecond  time  tranlparent. 

I found,  however  that  a little  phlogiftic  matter 
has  a quicker  and  more  remarkable  effedl  on  this 
colourlefs  acid  than  mere  heat,  I put  a part  of  the 
colourlefs  acid  into  one  , of  the  tubes  above-men- 
tioned, and  kept  it  boiling  a whole  day  before  the 
fire,  and  the  night  following  in  a fand  heat,  with- 
out being  able  to  perceive  any  fenfible  change  in 
it,  though  a flight  rednefs  was  apparent  on  the  firf: 
application  of  the  heat.  But  having  put  another 
part  of  the  fame  original  quantity  of  the  colourlefs 
acid  (which  from  the  preceding  experiment  will 
be  judged  to  have  been  vety  weak)  into  a phial 
with  a common  cork,  at  the  diftance  of  an  inch 
from  it,  I obferved  that  in  a few  hours  only,  the 
upper  part  of  the  acid  was  become  yellow,  and 
the  next  morning  it  was  yellow  throughout,  exadlly 
like  the  bef:  nitrous  acid  when  frefh  made. 

But  no  inftance  of  a change  of  colour  in  this 
acid  by  heat  was  fo  very  remarkable  as  the  follow- 
ing. Having  put  a fmall  quantity  of  pale  colour- 
lefs acid,  into  a fiort  glafs  tube,  and  almoft  bury- 
ing it  in  the  hot  fand,  I found  the  next  morning, 
that  the  whole  tube  was  quite  filled  with  red  va- 
pour, and  the  acid  itfelf  was  quite  red,  and  per- 
fedly  opaque,  and  to  appearance  a little  vi/cidy  like 
red  ink.  Neither  before,  nor  fmce,  have  I ever 
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feen  nitrous  acid  In  that  ftate.  It  even  retained 
the  fame  appearance  ’which  was  not  orange,  but  a 
proper  and  a very  deep  red.  Being  quite  cold,  I 
could  examine  it  at  my  leifure.  It  was  the  only 
appearance  I ever  had  of  the  kind.  ' 

Replacing  the  fame  tube  in  the  fand  heat,  and 
taking  it  out  fome  time  after,  the  acid  was  of  a 
deep  orange  while  hot,  but  not  very  deep,  and 
rather  of  a pale  colour  when  cold ; but  there  was 
a little  whitifh  matter  formed  on  different  parts  of 
the  glafs,  of  v/hich  a farther  account  will  be  given 
prefently. 

I foon  found  that  the  cloje  confinement  of  the  va- 
pour contributed  greatly  to  this  change  in  the  acid. 
A quantity  of  colourlefs  acid  being  put  into  a fhort 
thick  tube  hermetically  fealed,  and  placed  in  the 
fand  heat,  in  about  an  hour  had  reS  fumes,  and 
in  an  hour  more  the  acid  was  orange  coloured. 
Whereas  a quantity  of  the  fame  acid  confined  in 
a long  tube  the  fame  time,  and  in  the  fame  degree 
of  heat,  had  acquired  red  fumes  only,  while  the 
acid  itfelf  remained  colourlefs. 

In  all  the  circumflances  in  which  much  heat 
is  given  to  fpirit  of  nitre,  it  neceffarily  acquires  a 
deeper  colour.  This  is  the  reafon  why,  in  all  my 
attempts  to  procure  a very  ftrong  fpirit  of  nitre, 
by  ufing  concentrated  vitriolic  acid,  and  boiling 
the  nitre,  in  order  to  expel  the  water  it  contained, 
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it  was  always  of  an  orange  colour.  For,  in  this 
cafe,  the  mixture  of  the  oil  of  vitriol  and  nitre 
was  attended  with  great  heat. 

I believe  that  any  degree  of  heat,  fufRcient  to 
throw  the  acid  into  the  form  of  vapour,  will  always 
give  it  more  colour  than  it  had  before.  This  I 
found  to  be  the  cafe  when  I re-didilled  a quantity 
of  fpirit  of  nitre  from  frefh  nitre,  in  order  to  purify 
it  from  any  vitriolic  acid  that  might  remain  in 
it.  The  refjlt  of  this  procefs  was  an  acid  of  a 
deeper  colour,  and  that  fmoked  more  than  it  did 
before. 

Heat  is  not  neceflary  to  make  fpirit  of  nitre 
colourlefs.  For  expollire  to  the  open  air  does  the 
fame  thing,  and  probably  with  leis  diflipation  of 
the  acid.  During  this  expofure  to  the  open  air, 
the  nitrous  acid,  if  it  be  ftrong,  increafes  confider- 
ably  in  bulk  and  weight,  in  which  it  refembles  the 
vitriolic  acid,  though  this  is  not  in  the  fmalleft  de- 
gree volatile.  In  order  to  obferve  more  diftindtly 
the  whole  of  this  procefs,  fome  time  in  the  month 
of  July,  1777,  I expofed  to  the  open  air,  in  a 
common  glafs  tumbler,  about  three  ounces  of  orange 
coloured  fmoking  fpirit  of  nitre.  In  a day  or  two 
it  was  quite  colourlefs,  but  a fly,  or  any  fmall  fub- 
ftance  containing  phloglfton,  falling  into  it,  would 
colour  the  furface  of  it  again  for  a confiderable 
time,  though  at  length  thefe  accidents  had  lefs  ef- 
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fed  upon  it;  This  acid  kept  increafing  in  bulk 
to  the  April  following,  when  the  quantity  was  con- 
fiderably  more  than  doubled ; but  from  that  time 
it  begail  to  decreafe,  and  continued  fo  to  do  till 
more  than  half  that  it  had  gained  was  gone^  after 
which  it  continued  very  much  the  fame  for  feveral 
months. 

The  circumftances  relating  to  the  white  matter^ 
which  I have  obferved  was  formed  by  the  nitrous 
acid  in  glafs  tubes  hermetically  fealed,  and  expofed 
to  a continued  heat,  I am  not  able  to  explain. 
I firft  obferved  it  in  that  Ihort  tube  in  which  the 
phenomena  of  the  colour  of  the  acid  were  fo  very 
remarkable,  and  indeed  fingular ; but  afterwards  it 
never  failed  to  make  its  appearance  whenever  the 
acid  had  been  long  confined,  and  expofed  to  much 
heat,  but  the  quantity  procured  was  too  incon- 
fiderable  to  make  many  experiments  upon  it. 

It  was  on  the  25th  of  September  that  I obferved 
this  white,  or  yellowifh,  matter  in  the  tube  above- 
mentioned.  On  the  3Cth  of  the  fame  month,  I 
obferved  that  the  colour  of  the  acid  w^as  rather 
lighter,  and  befide  that  whitifli  matter  at  the  bot- 
tom of  the  tube,  there  was  a fimilar  concretion 
adhering  to  the  fides  of  the  glafs,  jiifl  above  the 
furface  of  the  acid,  the  colour  of  v/liich  was  partly 
yellow,  and  partly  green.  ^ 
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Having  got  more  of  this  white  matter  in  other 
tubes,  I obferved  that  it  was  eafily  fcraped  off  from 
the  glafs,  and  left  it  tranfparent,  fo  that  it  feems  to 
be  fomething  depofitcd  from  the  acid,  and  not  an 
abrafion  of  the  glafs.  It  was  not  at  all  affedted  by 
diflilled  water,  but  fpirit  of  fait  diffolved  it  entirely, 
and  became  of  a yellow  colour  inclining  to  orange. 
Applying  the  flame  of  a candle  to  that  part  of  the 
glafs  tube  on  which  fome  of  this  white  matter  lay, 
it  was  diffolved,  and  difperfed  in  whitCy  not  red  va- 
pours. An  earthy  pellicle  remained,  not  eafily 
affeded  by  heat,  but  it  was  difperfed  when  it  was 
made  red  hot  with  a blow  pipe.  This  pellicle 
adhered  firmly  to  the  glafs,  but  in  time  it  was  com- 
pletely diffolved  by  fpirit  of  fait,  which  affuined 
the  colour  above-mentioned. 

It  is  pretty  evident,  from  this  obfervation,  that 
this  matter  did  not  really  contain  fpirit  of  nitre  as 
Juch,  For  had  it  contained  the  proper  nitrous  acid 
combined  with  any  earthy  matter,  as  the  calx  of 
the  lead  in  the  glafs,  the  fpirit  of  fait  could  not, 
I apprehend,  have  decompofed  it.  In  other  refpeds 
it  had  very  much  the  appearance  of  minium  be- 
come white  by  imbibing  nitrous  vapour.  But  this 
is  not  at  all  affeded  by  fpirit  of  fait. 

It  was  evident,  however,  that  wherever  this 
white  matter  was  formed,  the  quantity  of  the  acid 
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was  diminlfhed,  fo  that  it  looks  as  ‘ if  the  acid  it- 
fdfwas  deftroyed,  and  converted  into  fometiung  of 
a different  nature. 


SECTION  lY. 

On  the  Fhhgijlicatkn  of  Sprit  of  Nitre, 

IN  the  preceding  experiments,  1 found  that  the 
colourlefs  acid  became  fmoking,  or  orange  co- 
loured, and  emitted  orange  coloured  vapours,  on 
being  expoled  to  heat  in  long  glafs  tubes,  hermeti- 
cally fealed ; and  I then  concluded,  that  this  effedt 
was  produced  by  the  adtion  of  heat,  evolving,  as 
it  were,  the  phlogifton  previoufly  contained  in  the 
acid.  Afterwards,  having  found  that  it  was  not 
heat^  but  light  only,  that  was  capable  of  giving  co- 
lour to  fpirit  of  nitre,  contained  in  phials  with 
ground  ftoppers,  in  the  courfo  of  feveral  days  j 
and  that  in  this  cafe  the  effedt  was  produced  by  the 
adtion  of  light  upon  the  vapour^  which  gradually 
imparted  its  colour  to  the  liquor  on  which  it  was 
incurabenty  I was  led  to  fufpedl,>  that  as  the  glafs 
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tubes,  in  which  I had  formerly  expofed  this  acid 
to  the  a6tion  of  heat,  were  only  held  near  to  a fire, 
in  the  day-Jight,  or  candle-light,  it  might  have  been 
this  lights  which,  in  thefe  circumftances,  had,  at 
leaft  in  part,  contributed  to  produce  the  effedl:. 

In  order  to  afcertain  whether  the  light  had  had 
any  influence  in  this  cafe,  1 now  put  the  colourlefs 
fpirit  of  nitre  into  long  glafs  tubes,  like  thofe  which 
1 had  ufed  before,  and  alfo  fealed  them  hermeti- 
cally, as  I had  done  the  others ; but,  inftead  of 
expofing  them  to  heat  in  the  open  air,  from  which 
light  could  not  be  excluded,  I now  Ihut  them  up 
in  gun  barrels,  clofed  v/ith  metal  fcrews,  fo  that  it 
was  impoflTible  for  any  particle  of  light  to  have  ac- 
cefs  to  them ; and  I then  placed  one  end  of  the 
barrels  fo  near  to  a fire  as  was  fuflicient  to  make 
the  liquor  contained  in  the  tube  to  boil,  which  I 
could  eafily  diftinguifh  by  the  found  which  it  yield- 
ed, The  confequence  was,  that  in  a fliort  time 
the  acid  became  as  highly  coloured  as  ever  it  had 
been  when  expofed  to  heat  without  the  gun  barrel. 
It  was  evident,  therefore,  that  it  had  been  mere 
heaty  and  not  light,  which  had  been  the  means  of 
giving  this  colour  to  the  acid,  and  which  has  been 
ufually  termed  fhlogifti eating  it. 

When  I made  the  former  experiments,  I had  no 
fufpicion  that  the  air  contained  in  the  tube  had  any 
concern  in  the  refult  of  them  s and,  in  thofe  which 
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I made  in  the  phials  in  a moderate  heat,  I found 
that  the  acid  received  its  colour  when  the  beft  va- 
cuum that  I could  make  with  an  air  pump  was  over 
it. 

My  friend  Mr.  Kirwan^  however,  having  always 
fufpeded,  that  the  air  was  a principal  agent  in  the 
bufinefs,  I at  this  time  gave  particular  attention  to 
this  circumftance ; fuppofing  that,  if  any  part  of 
the  common  air  had  been  imbibed,  it  mud  have 
been  the  phlogifticated,  and  that  it  was  the  phlogiilon 
from  this  kind  of  air  which  had  phlogifticated  the 
acid.  The  real  refult,  however,  was  not  fo  much 
in  favour  of  this  fuppofition  as  I had  expedted ; for 
the  principal  effed  of  the  procefs  was  the  emiffion 
of  dephlogifticated  air,  fo  that  the  acid  feems  to  be- 
come what  we  call  phlogifticated,  by  parting  with 
this  ingredient  in  its  compofition. 

I put  a fmall  quantity  of  the  colourlefs  acid  into 
a long  glafs  tube,  which  befides  the  acid  would  have 
contained  1.23  ounce  meafures  of  common  air,  but 
that  the  vapour  of  the  acid  excluded  about  one 
twentieth  of  the  quantity.  Having  fealed  the  tube 
hermetically,  I ftiut  it  up  in  a gun  barrel,  in  the 
manner  mentioned  above,  and  expofed  it  to  a boil- 
ing heat  for  feveral  hours,  and  then  opening  it  un- 
der water,  there  came  out  of  it  2.03  ounce  mea- 
fures of  air,  very  turbid  and  white  ^ and  when  it 
was  examined^  it  appeared  to  be  of  the  ftandard 
Voi..  Ill,  ' D . of 
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of  1.02,  with  two  equal  meafures  of  hitrous  airj 
when  with  one  meafure  of  the  fame  nitrous  air  the 
ftandardofthe  common  air  was  1.07.  The  quan^ 
tity  of  phlogifticated  air  abforbed  in  this  experiment 
I afeertained  by  the  following  computation. 

As  one  meafure  of  common  air,  and  an  equal 
quantity  of  nitrous  air  were  reduced  to  1.07  m.  it  is 
evident,  that  0.93  m.  had  difappeared ; but  as  this 
was  effedted  by  the  nitrous  air  uniting  with  all  the 
dephlogifticated  air  contained  in  the  common  mals, 
and  as  they  unite  in , the  proportion  of  one  meafure 
of  dephlogifticatcd  air  to  two  meafures  of  nitrous 
air,  one  third  of  the  0.93  m.  viz,  0.31  m.  will 
be  the  quantity  of  dephlogifticated  air  that  was  con- 
tained in  the  one  meafure  of  common  air  on  which 
the  experiment  was  made,  the  remainder,  viz, 
0.69,  having  been  phlogifticated  air.  The  com- 
mon air  contained  in  the  tube  would  have  been  1.23 
oz.  m. ; but  dedudling  from  it  one  twentieth  in  the 
whole,  it  will  only  be  T.17  oz.  m.  I then  fay/  if 
one  meafure  of  this  air  contains  0.69  m.  of  phlo- 
gifticated air,  1.170Z.  m.  will  contain  0.8073  oz. 
m.  of  phlogifticated  air.  This,  therefore,  was  the 
quantity  of  phlogifticated  air  which  had  been  ex-- 
pofed  to  the  adtion  of  the  acid  of  nitre  in  the  tube. 

• In  order  to  find  how  much  of  the  fame  kind  of 
air  was  contained  in  the  tube  after  this  procefs,  I 
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examined  the  refiilt  above  mentioned  in  the  follow- 
ins  manner.  Since  two  meafures  of  nitrous  air, 
and  one  of  this  refiduum,  were  reduced  to  1.02  m. 
it  is  evident,  that  1.98  m.  had  difappeared,  and 
conlequently  one  third  of  this  quantity,  viz,  0.66  m; 
had  been  dephlogifticated  air,  and  that  the  remain- 
der of  the  meafure,  viz,  0.34,  had  been  the  pro- 
portion of  phlogifticated  air  in  one  meafure  of  this 
refiduum.  If  then  one  meafure  of  this  refiduum 
contains  0.34  m.  of  phlogifticated  air,  2.03  oz.  m. 
will  contain  0.6902  oz.  m.  which  is  lefs  than 
0.8073  oz.  m.  the  quantity  contained  in  it  before 
the  procefs  ; fo  that  a part  of  the  phlogifticated  air 
had  been  either  abforbed  or  decompofed,  its  phlo- 
gifton  having  been  imbibed  by  the  acid  at  the  fame 
time  that  it  had  emitted  the  dephlogifticated  air. 

In  another  procefs  of  the  fame  kind,  the  glafs  tube 
contained  0.92  oz.  m.  of  common  air,  and  the  air 
that  came  out  of  it  after  the  procefs  was  one  ounce 
meafure,  of  the  ftandard  of  1.6,  with  two  meafures 
of  nitrous  air ; and  computing  as  I did  before,  the 
phlogifticated  air  in  the  tube  before  the  procefs  was 
C.6072  oz.  m.  and  after  the  procefs  0.54  oz.  m. 

In  thefe  computations  it  is  fuppofed,  that  the  air 
emitted  by  the  acid  was  perfedtly  pure,  fo  that  all 
the  phlogifticated  air  that  is  found  after  the  procefs 
is  fuppofed  to  have  been  contained  in  the  common 
air  confined  in  the  tube  before  it  was  commenced. 
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But  I found,  that  the  air  ennitted  by  the  acid  is  by 
no  means  perfedlly  pure,  fo  that  much  of  the  im- 
purity mull  be  afcribed  to  this  circumftance. 

In  order  to  exclude  all  air  from  the  contadl:  of 
the  acid,  I made  a quantity  of  it  to  boil  in  thetube,^ 
and  v/hen  the  vapour  had  expelled  all  the  air,  I 
fealed  it  hermetically,  in  the  manner  in  which  wa- 
ter hammers  are  made ; and  then  expofing  it  to 
heat,  found  that  It  acquired  as  high  a colour  as 
when  air  had  been  confined  along  with  it  > fb  that  it 
is  evident,  that  air  Is  not  neceffary  to  this 
When  the  tube  was  opened  under  water,,  a quantity 
of  dephlogifbicated  air  rufhed  out,  exceedingly 
v/hite  as  before,;  but  when  I examined  it,  I found 
it  to  be  of  the  ilandardof  only  0.66.  When^  this 
Impurity  is  confidered,  it  will  appear,  that  when 
much  air  is  yielded  in  this  procefs,  fbme  ph)ogif- 
ticated  air  may  have  been  imbibed,  though,,  com- 
puting ia  the  manner  above  mentioned,  the  phlor 
gifticated  air  after  the  procefs  Ihould  be  in  greater 
quantity  tliaii  Was  contained  in  the  tube  before  it,  as 
v/as  the  cafe  in  the  following  experiment. 

In  a glafs  tube  which,  befides  the  acid,  co^med 
1.13  oz.  m.  of  common  air,  I expofed  colourlels 
fpirit  of  nitre  to  heat  till  it  became  of  a deep  Orange 
colour;  and  when  it  was  opened  under  water,  thera 
came  out  of  it  2.83  oz.  m.  of  air  exceedingly  turbid^, 
of  the  Ilandardof  0.66,  with  two  equal  quantities  of 
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■nitrous  air,  wlien  that  of  the  common  air,  with 
one  equal  quantity  of  nitrous  air,  was  1.07.  Com- 
puting in  the  manner  above  mentioned,  there  was 
in  the  tube  before  the  procefs  0.7477  oz.  m.  of 
phlogifticated  air,  and  after  the  procefs  0.8792  oz, 
m.  But  the  dephlogifticated  air,  amounting  to  1.7 
Gz.  m,  being  of  the  ftandard  of  0.66,  will  be  found 
to  contain  0.374  oz,  rru  of  phlogifticated  air,  which 
being  dedudted  from  0.8792,  there  will  remain 
only  0.5052  O'Z.  m.  which  is  confiderably  lefs  than 
0.7477  oz.  m. 

That  the  nitrous  acid  can  become  coloured,  with- 
out imbibing  any  thing  from  phlogifticated  air,  is 
evident  not  only  from  its  becoming  fo  when  heated 
in  vacuoy  as  deferibed  above,  but  alfo,  when  it  was 
in  conta6l  with  any  other  kind  of  air,  as  free  from 
phlogifticated  air  as  I could  malce  iL  But  from  the 
manner  in  which  thefe  experiments  were  neceftarily 
made,  it  was  impoftlbk  intirely  to  exclude  phlo- 
gifticated air,  either  as  part  of  the  atmofpheric  air, 
or  as  contained  in  the  impuries  of  the  air  that  1 made 
ufe  of ; for  I firft  filled  the  tube  with  fpirit  of  nitre, 
then  plunging  the  orifice  of  it  in  a vefiTel  of  ihe  fame, 
I introduced  a quantity  of  the  air  which  I wifiied  to 
expofe  to  it.  After  tliis,  putting  my  finger  upon 
the  orifice,  T turned  it  upfide  down,  and  applying 
to  it  the  clofed  end  of  a glafs  tube,  of  about  the 
fame  diameter,  I feakd  it  hermetically  with  ablow^- 
• “ D 3 pip^ 
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pipe  as  expeditioufly  as  I could.  This  is  a neceflary 
imperfedlion  in  the  experiment ; but  I know  not 
how  to  remedy  it,  if  any  of  the  acid  is  to  be  left  iit 
the  tube.  However,  the  phlogifticated  air  intro- 
duced in  this  manner  from  the  atmofphere,  mull 
have  borne  a very  fmall  proportion  to  the  air  in  the 
tube ; and  fome  objed:ion  will  always  remain  to  the 
experiment  from  the  impurity  of  the  dephlogiilicated 
air  made  ufe  of. 

Having  repeatedly  obferved  that  the  acid  be- 
came coloured  in  confequence  of  being  expofed  to 
heat  in  conta6l  with  any  kind  of  air  whatever,  I 
expofed  at  the  fame  time,  and  in  the  fame  circum- 
fiances,  three  equal  quantities  of  the  fame  colourlefs 
fpirit  of  nitre,  in  three  nearly  equal  tubes,  one  con- 
taining dephiogifticated,  another  phlogifticated,  and 
a third  inflammable  air;  that,  if  there  fhould  be 
any  difference  in  the  colouring  of  the  acid  in  thefe 
cafes,  it  might  be  the  more  eafily  perceived.  But 
though  I gave  all  the  attention  that  I could,  I did 
not  perceive  that  there  was  any  difference,  except 
what  arofe  from  fome  of  the  tubes  being  placed  a 
little  nearer  the  fire  than  the  reft  5 and,  by  chang- 
ing their  places,  the  colour  was  at  length  the  very 
fame  in  them  all. 

As  in  thefe  three  cafes  I examined  the  air  before 
and  after  the  procefs,  in  the  manner  above  mention- 
ed, I fn all  juft  recite  the  particulars. 


Of 


IF. 


NITROUS  ACID. 


39 

Of  the  dephlogifticated  air  the  tube  contained  be-- 
fore  the  procefs  1.46  oz.  m.  of  the  ftandard  of  0.67, 
and  after  the  procefs  it  contained  1.76  oz.  m.  of 
the  flandard  of  0.77  j a dllFerence  owing  in  part  to 
the  mixture  of  common  air,  which  could  not  be  ex- 
cluded in  the  feaiing  of  the  tube,  and  in  part  to  the 
air  emitted  from  the  acid  not  being  pure. 

Of  the  phlogifticated  air,  the  tube  contained  1.3 
oz.  m.  and  after  the  procefs  1.95  oz,  m.  of  the  ftan- 
dard  of  1.38. 

Of  the  inflammable  air,  the  tube  contained  be- 
fore the  procefs  1.52  oz,  m.  and  after  the  procefs 
1.9  oz.  m.  of  the  flandard  of  1.8.  They  were  all 
meafured  by  a mixture  of  two  equal  quantities  of  ni- 
trous air. 

If  thefe  refults  be  examined  as  that  of  the  firfl 
experiment,  with  common  air,  it  Vv^iil  be  found  that, 
m all  thefe  procefTes,  there  was  lefs  phlogiflicated 
air,  or  inflammable  air,  after  the  procefs  than  be- 
fore ; and  this  refult  being  thus  uniform,  I cannot 
help  concluding,  that  this  kind  of  air  is  in  part  de- 
compofed,  and  purified  by  this  means ; fo  that  by 
this  emiflion  of  dephlogiflicated  air  v/hich  the  heat 
expels  ^ from  the  acid,  fomething,  and  probably 
phiogiflon,  is  at  the  fame  time  imbibed  from  it  ,5 
which  proves  that  phlogiflicated  air  is  no  fimple  fub- 
ftance,  but  a compound,  and  that  phlogillon  is 
one  conflituent  part  of  it ; for  this  acid  acquires  the 
P 4 fame 
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fame  colour,  and  all  die  fame  properties,  by  adding 
to  it  any  thing  that  is  fuppofed  to  contain  phlo- 
giflon. 

As  the  fpirit  of  nitre  can  be  rendered  fmoking,  or 
phiogifticated,  by  the  mere  expullion  of  dephlo- 
gifticated  air,  it  is  evident,  that  it  contains  two  prin- 
ciples in  clofe  affinity  with  each  other,  and  that  no- 
thing is  neceffary  to  render  either  of  them  confpicu- 
cus  befides  the  abfence  of  the  other. 

It  is  alfo  natural  to  fuppofe,  that,  for  the  fame 
reafon  that  the  principle  (as  it  may 

be  called)  is  expelled,  the  phlogijiicating  principle 
ffiould  enter ; fo  that  the  purification  of  the  air  in 
contadl  with  the  acid  may  be  a neceffary  confequence 
of  the  expulfion  of  the  pure  air  contained  in  it,  the 
whole  tending,  as  it  were,  to  an  equilibrium  in  this 
relped.  It  is  therefore  by  no  means  difficult  to 
conceive,  that  phlogifton  ffiould  be  extraded  from 
the  contiguous  air  at  the  fame  time  that  the  dephlo- 
gifticated  air  not  pure  (that  is,  containing  a mixture 
of  phlogifticated  air)  is  driven  out  of  it  s for: the 
acid  always  containing  phlogifton,  whatever  air  is 
contained  in  it,  and  expelled  from  it,  may  neceffarily 
contain  phlogifton  or  phlogifticated  air  ; but  the 
purer  air  may  be  emitted,  and  the  lefs  pure  air  be 
imbibed,  till  the  whole  come  to  be  of  the  fame  qua- 
lity. It  may,  however,  perhaps  follow  from*  the 
emifficn  of  impure  dephlogifticated  air,  and  the  im- 
bibing 
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bibiug  of  phloglfticated  air  at  the  fame  time,  that 
the  former  docs  not  confift  of  dephiogifticated  and 
j)hlogifticated  air  loofely  mixed,  but  of  fome  inti- 
mate union  of  dephiogifticated  air  with  phlogifton, 
though  they  may  be  feparated  by  a mixture  of  ni- 
trous air,  and  other  proceftes,  in  the  very  fame 
manner  as  dephiogifticated  air  may  be  feparated 
from  a loofe  mixture  of  phloglfticated  air. 

It  is  evident  from  thefe  experiments,  that  a red 
heat  is  not  neceflary  to  the  converfion  of  nitrous  acid 
- into  pure  air,  though  this  procefs,  as  appeared  by 
my  former  experiments,  produces  this  effedt  moft 
quickly  and  effedlually. 

V .1  cannot  help  confidering  the  experiments  above 
N recited  to  be  favourable  to  the  dodtrine  of  phlo- 
gifton, and  unfavourable  to  that  of  the  decompofition 
of  water,  though  not  decifively  fo.  For  fince  the 
red  vapour  of  fpirit  of  nitre  unqueftionably  contains 
the  fame  principle  that  has  been  termed  phlogifton, 
aiuor  the  principal  element  in  the  conftitution  of  inflam- 
mable air,  and  according  to  the  antiphlogiftians, 
this  is  one  confticuent  part  of  water,  they  muft  fup- 
pofe,  that  the  water  in  this  acid  is  decompofed  by 
a much  more  moderate  heat  than  in  moft  other 
cafes.  In  general,  I believe,  they  have  thought  a 
red  heat  to  be  neceflary  for  this  purpofe.  It  is  evi- 
dent, that  the  converfion  of  water  into  fteam  by 
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boiling,  or  by  any  heat  that  can  be  given  to  it  un- 
der the  ftrongeft  prefllire,  has  no  tendency  what- 
ever to  decompofe  it.  But  if  the  mere  boiling  of 
w^ater  in  nitrous  acid  could  produce  this  efFed,  I 
do  not  fee  why  the  fame  fliould  not  be  the  cafe 
when  water  alone  is  boiled. 

I think  it  will  alfo  be  more  difficult  to  explain  the 
purification  of  the  incumbent  atmofpherical  air  on 
the  antiphlogiftic  than  on  the  phlogiftic  hypothe- 
cs, whatever  be  the  conftitution  of  phlogiflicated 
ain 

As,  in  the  experiments  above  mentioned,  heat 
without  light  gives  colour  to  the  nitrous  acid,  and 
the  refiedioh  or  refradion  of  light  is  always  attended 
wdth  heat,  it  may  perhaps  be  heat  univerfally  that  is 
the  means  of  imparting  this  colour,  though  the 
mode  of  its  operation  be  at  prefent  unknown.  And 
in  thefe  experiments,  as  well  as  the  former,  it  is 
the  vapour  that  firft  receives  the  colour,  and  im- 
parts it  to  the  liquid  when  it  is  fufficiently  cold  to 
receive  it. 

The  rufhing  out  of  a quantity  of  turbid  white 
air  from  a tranfparent  tube,  quite  cold,  is  a ftriking 
phjenomenon  in  thefe  experiments.  It  may  be 
worth  while  to  examine  of  what  it  is  that  this  re- 
markable cloudinefs  of  the  air  confifls.  There  is 
the  fame  appearance,  as  I have  more  than  once 

obferved. 
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obferved,  in  the  rapid  produdion  of  any  kind  of 
air,  which  is  perfedtly  tranfparent  as  it  pafies  along 
the  glafs  tube  through  which  it  is  tranfmitted,  till 
it  comes  into  contaft  with  the  water  in  which  it  is 
received. 

N.  B.  The  mixture  of  nitrous  air  with  common 
air,  mentioned  in  this  fedion,  was  made  with  agi-^ 
tation. 


SECTION  Y. 

Of  the  Compfition  of  Spirit  of  Nitre  from  dephlogifti^ 
cated  and  inflammable  Air, 

HAT  water  confifts  of  two  kinds  of  air,  de- 


phlogifticated  and  inflammable,  is  now,  I be- 
lieve, generally  admitted  as  one  of  the  mofl:  impor- 
tant, and  bed  afcertained,  do6lrines  in  chemiftry. 
My  own  experiments  having  feemed  to  favour  it,  I 
made  no  difficulty  of  receiving  it  myfelf ^ but  having, 
at  the  time  of  the  publication  of  the  lad  of  the  fix  vo- 
lumes of  my  experiments,  found  that,  in  decompofing 
the  two  kinds  of  air  above  mentioned  by  the  electric 
fpark,  I got  much  lefs  water  than  I expeded,  and,  in- 
stead of  it,  a dark  coloured  vapour,  noteafily  condenfed. 
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I could  not  help  concluding  that  fomething  yet  re- 
mained to  be  inveftigated  with  rerpe<51:  to  this  fub- 
je61:,  and  determined,  at  a proper  opportunity,  to 
refume  my  inquiries  into  it. 

At  that  time,  however,  I had  no  fufpicion  of 
any  acid  being  produced  in  the  procefs ; having  ne- 
ver been  able  to  find  any  in  the  water  which  I had 
hitherto  procured  in  pretty  large  quantities  from  the 
decompofition  of  thofe  two  kinds  of  air,  though  the 
doctrine  of  dephlogifticated  air  being,  or  containing, 
the  principle  of  univerjal  acidity y had  been  advanced 
by  M.  Lavoifier,  and  admitted  by  myfelf  and 
others. 

Sufpe6i:ing  that  much  of  the  water  which  had  been 
procured  in  the  above  mentioned  procefs  was  no 
proper  conftituent  part  of  the  air,  but  only  fuch  as 
had  been  diffufed  through  it,  and  in  fome  manner 
attached  to  it,  and  kept  fufpended  in  it,  and  there- 
fore might  be  feparated  from  it,  without  decom- 
pofing  the  air  ; on  refuming  thefe  experiments,  I 
ufed  every  precaution  I could  think  of  to  detach  all 
water  from  the  air  on  which  1 operated.  In  order 
to  this,  I kept  it  confined  by  mercury,  together 
with  a quantity  of  fixed  ammoniac y which  imbibes 
water  more  readily,  if  not  in  greater  quantity,  than 
quick  lime,  or  any  other  known  fubflance. 

In  this  more  accuiate  method  of  making  the  ex- 
periment, 1 was  gradually  led  to  difeover  the'  acid, 
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which  had  efcaped  my  obfervation  before.  But  I 
am  not  certain  that  I Ihould  have  found  it  even  now, 
ifl  had  not  been  aided  by  the  fagacity  of  Mr.  Keir, 
who  was  always  of  opinion,  that  fome  acid  muft  be 
the  produce  of  this  experiment,  or  rather  that  the 
produce  would  be  fomething  which  would  become 
acid  by  expofure  to  the  open  air. 

I began  with  making  the  explofions  in  the  fame 
glafs  veflel  from  which  the  mixture  of  air  had  dif- 
placed  the  mercury  with  which  it  had  been  filled ; 
when  I found,  as  I have  obferved  in  my  laft  publi- 
cation, the  whole  of  the  vefiel  was  filled  with  a denfe 
fmoke,  which  fettled  into  a black  coating  of  all  the 
infide  of  the  vefiel,  and  which  appeared,  as  before, 
to  be  mercury  \ becoming  white  by  expofure  to  the 
air.  For  fome  time  I perceived  no  appearance  of 
water  \ but  placing  the  vefiel  at  a proper  difiance 
from  a fire,  I found  about  a quaiter  of  a grain  col- 
ledted  on  the  oppofite  fide;  when,  as  the  vefiel 
contained  four  ounce  meafures  of  air,  the  water  pro- 
duced ought  to  have  been  at  leaft  a grain. 

The  mercury  being  an  impediment  in  this  pro- 
eefs,  I afterwards  confined  the  mixture  of  air  in  one 
vefiel  (with  mercury  and  fixed  ammoniac  as  before) 
but  I made  the  explofions  in  another,  which  I had 
previoufly  exhaufied  of  air.  This  vefiel  v/asTarger 
than  that  which  I had  ufed  before,  containing  fome- 
thing more  than  eight  ounce  meafures ; fo  that  the 

air 
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air  it  contained,  being  one  third  dephlogiflicated  and 
two  thirds  inflammable,  would  have  weighed  about 
two  grains.  After  one  explofion  the  quantity  of 
water  colle6led  appearing  inconfiderable,  I repeated 
the  procefs  in  the  fame  veflTel,  and  then  colleding 
the  water,  I found  it  not  to  exceed  a grain  and  a 
half. 

I repeated  this  experiment  very  often,  and  con- 
ftantly  found  fome  water,  but  it  always  fell  far  ,fliort 
of  the  weight  of  the  air  decompofed.  There  muff, 
therefore,  have  been  fomething  not  very  fluid  ad- 
hering to  the  fides  of  the  vejflel,  which  could  not 
be  diflodged  by  a moderate  heat ; and  indeed  the 
giafs  did  not  recover  the  perfedl  clearnefs  that  it  had 
before  the  procefs. 

I always  obferved,  that,  prefently  after  every  ex- 
plofion, the  veflTel  was  filled  with  a denfe  vapour,  fo 
that  it  was  fometimes  impoflible  to  fee  through  i^> 
and  before  I admitted  the  external  air,  I could  pour 
it  from  one  end  of  the  veflTel  to  the  other,  and  it 
feemed  to  fall  almofl  as  fafb  as  a feather  in  a com- 
mon vacuum,  and  in  general  it  did  not  difappear  in 
lefs  than  ten  minutes.  I even  found  this  denle  va- 
pour when  the  mixture  of  air  had  been  confined  by 
water.  The  fmell  of  the  veffel,  after  the  procefs, 
was  that  of  the  mofl:  ofFenfive  kind  of  inflammable 
air  frorQ  iron. 
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From  thefe  experiments  it  was  fufEciently  evi- 
dent, that  fomething  more  than  water  had  been 
produced ; and  pouring  into  the  velTel  a quantity  of 
the  juice  of  litmus,  it  was  inftantly  turned  to  a deep 
red  ; fo  that  it  was  equally  evident,  that  an  acid 
had  been  formed.  In  all  the  preceding  experiments 
the  dephlogifticated  air  had  been  procured  from 
manganefe  ; and  in  all  the  experiments  mentioned 
in  this  fedlion,  the  inflammable  air  was  from  iron  by 
water  only. 

A great  number  of  ftrong  glafs  veiTels  having  been 
broken  in  thefe  experiments,  and  fometimes  with 
fome  hazard  to  myfelf,  and  the  quantity  of  air  that 
I was  able  to  decompofe  in  them  being  fmall,  I next 
procured  a ccpj^er  veflfel,  which  contained  about  thir- 
ty fix  ounce  meafures  of  air ; and  having  now  no 
other  objed  than  difcovering  the  h‘//d  of  acid  that  I 
had  procured,  I made  repeated  experiments  in  it ; 
and  after  every  ten  or  twelve  explofions  colle6]:ed 
aU  the  liquid  matter  I could  And ; which,  as  the 
air  had  been  previoufly  confined  by  water,  was 
pretty  conflderable,  about  equal  to  the  weight  of  the 
air. 

The  liquor  that  I procured  in  this  manner  was 
always  of  a deep  blue  or  green,  being  evidently  a 
folution  of  copper.  But  it  alfo  contained  a redun- 
dant acid,  as  appeared  by  its  turning  the  juice  of 
litmus  red,  Befides  this  blue  liquor,  there  was 

always 


OBSERVATIONS  ON 


Part  L 


alsvays  a quantity  of  feemingly  abraded  copper ; for 
it  was  perfedcly  and  quickly  dilTolved  by  volatile 
alkali,  as  copper  very  minutely  divided  would  have 
been. 

In  thefe  experiments  I ufed,  at  different  times, 
dephlogifticated  air  from  manganefe,  from  red  preci- 
pitate, and  from  red  lead,  as  the  moft  unexceptionable 
of  all ; and  as  it  was  obligingly  furnidied  me  by  Mr. 
Keir,  the  preparation  of  it  may  be  depended  upon. 
There  did  not,  however,  appear  to  be  any  other 
difference  in  the  liquors  produced  by  means  of  thefe 
kinds  of  dephlogifticated  air,  except  in  the  lhade  of 
the  colour ; that  from  manganefe  being  of  the  deep-p 
^ft  blue,  and  that  from  red  lead  the  lighteft  5 and 
this  difference  might  be  accidental. 

By  the  affiftance  of  Mr.  Keir  I examined  thefe 
folutions  of  copper,  and  prefently  found,  by  means 
of  a folution  of  terra  ponderofa  in  fpirit  of  fait,  that 
it  was  not,  in  any  of  the  cafes,  the  vitriolic , and  yet, 
as  the  dry  fubftance  left  by  the  evaporation  of  the 
liquor  did  not  deliquefee,  I had  con'cluded,  that  the 
acid  was  neither  the  nitrous,  nor  the  marine ; but 
Mr.  Keir  informs  me,  that  this  is  the  cafe  with 
a fully  faturated  folution  of  copper  in  fpirit  of  nitre. 

AlfoDr.  Withering,  who  was  fo  obliging  as  to 
examine  fome  of  thefe  liquors  for  me  (for,  not  being 
much  accuftomed  to  thefe  analyfes,  I had  requefted 
him  to  undertake  it)  had  procured  from  that  in  the 
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produ6lion  of  which  the  red  lead  had  been  iifedj 
cryftals  of  nitre,  and  other  indifputable  indications 
of  nitrous  acid ; fo  that  I was  fatisfied  that  it  was 
this  acid  that  was  produced  in  all  the  cafes, 

I had  a farther  proof  of  the  acid  being  the  ni- 
trous, that  having  (in  order  to  get  a quantity  of 
liquor  that  Ihould  be  as  little  faturated  with  any 
metal  as  poffible)  ufed  a veffel  of  tinned  iron^  I 
found,  that  after  fome  time^  when  the  tin  had  been 
much  corroded  (and  with  every  procefs  a confider- 
able  quantity  came  away)  the  liquor,  which  at  firft 
was  colourlefs,  was  tinged  with  red.  In  thefe  ex^ 
periments  I made  ufe  of  dephlogifticated  air  from 
red  lead. 

As  both  the  kinds  of  air  made  ufe  of  in  thefe 
experiments  were  exceedingly  pure,  it  feems  evi- 
dent^  that  phlogifticated  air  does  not  contain  all 
the  elements  of  nitrous  acid ; but  only  fuppiies  a 
hafe  for  it>  the  dephlogifticated  air  (which  was  ufed 
in  a greater  proportion  in  the  valuable  experiment 
of  Mr.  Cavendifti)  fdpplying  the  acidifying  prin- 
ciple, as  I had  conjedured.  Befides,  though  all 
phlogifticated  air  could  not  be  excluded  in  thofe 
experiments  in  which  the  air  pump  was  ufed,  this 
objedion  cannot  well  be  made  to  thofe  in  which 
that  inftrument  was  not  ufed;  and  in  them  the 
flowly  condenfable  vapour  above-mentioned  feems 
to  be  an  evident  fymptom  that  the  produce  was’ 
VoL.  Ill,  E . not 
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not  mere  water.  But  it  is  a fatisfaftory  anfwer  to 
this  objedion,  from  the  prefence  of  phlogifticated 
air  in  the  tube,  that  this  kind  of  air  is  not  decom- 
pofed,  or  at  all  afFe6led,  by  this  procefs,  as  will  be 
found  by  mixing  any  quantity  of  it  with  the  two 
other  kinds  of  air. 

That  a confiderable  quantity  of  water  enters  into 
the  compofition  of  dcphlogifticated  air,  will  not  be 
thought  improbable,  when  it  is  confidered  that, 
in  my  former  experiments,  this  appeared  to  be  the 
cafe  with  refpedl:  to  inflammable  air.  For  without 
water  this  air  cannot  be  procured.  I can  alfo  now 
fay,  tliat  the  fame  is  the  cafe  with  refpe61;  to  fixed 
air.  It  is  not  therefore  improbable,  that  the  fame 
may  be  true  of  every  other  kind  of  air,  fince  water 
is  ufed  in  the  produ(51:ion  of  them  all. 

When  I wrote  the  preceding,  I had  found  that 
tlie  decompofition  of  dcphlogifticated  and  inflam- 
mable air,  by  means  of  the  eledlric  fpark,  produced 
an  acid  liquor ^ which  Dr.  Withering  found  to  be 
the  nitrous'^  though  I ftiould  have,  obferved,  that 
he  expreflfed  fome  doubt  whether  the  liquor  did 
not  alfo  contain  fome  other  acid  befides  the  ni- 
trous. 

I have  fince  that  time  been  defirous  to  afcertain 
the  quantity  of  acid  producible  from  a given  quan- 
tity of  air;  and  with  this  view  I gave  Mr.  Keir 
as  much  of  the  liquor  as  I had  colle6led  from  the 
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decompofition  of  about  five  hundred  ounce  mea- 
fures  of  dephlogifticated  air,  and  the  ufual  propor- 
tion of  inflammable  air  mixed  with  it.  The  liquor, 
he  Informed  me,  was  442  grains,  of  the  fpecific 
gravity  of  1022  (that  of  water  being  1000)  and 
that  it  contained  as  much  acid  as  was  equivalent 
to  12.54  grains  of  concentrated  acid  of  vitriol; 
which  quantity  of  vitriolic  acid  is  capable  of  fa- 
turating  as  much  vegetable  fixed  alkali  as  is  con- 
tained in  twenty  two  grains  and  a half  of  dry  nitre, 
or  about  twenty  three  grains  and  a quarter  of  nitre 
cryftallized  in  mean  temperature.  The  fediment 
of  the  fame  liquor  he  alfo  fuppofed  to  contain,  at 
leaft,  as  much  acid  as  the  liquor  itfelf. 

That  this  fediment  contains  much  acid,  feems 
evident  from  this  circumftance,  that,  when  it  is  firft 
formed,  it  often  emits  fmall  bubbles,  which  rile 
to  the  furface  of  the  liquor,  and  continue  to  do  fo 
a confiderable  time.  This  was  more  particularly 
the  cafe  with  the  fediment  which  I had  from  the 
tinned  iron  tubes.  Thefe  fmall  bubbles,  I imagine, 
confift  of  nitrous  air  (formed  from  the  fuperabun- 
dant  acid  vapour  adhering  to  the  metal  and  the 
water  in  the  liquor)  becaufe  when  a phial,  half 
filled  with  this  liquor,  had  flood  about  a week,  the 
air  on  the  furface  of  it  inftahtly,  and  repeatedly, 
extinguifhed  a piece  of  lighted  wood  that  was  dip- 
ped into  it. 
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From  the  preceding  datay  given  me  by  Mr. 
Keir  (and  making  allowance  for  the  indefinite 
quantity  of  water  contained  in  the  concentrated  acid 
of  vitriol)  I am  inclined  to  think,  that  not  much 
more  than  one  twentieth  part  of  dephlogifticated 
air  is  the  acidifying  principle,  and  that  nineteen 
parts  are  water. 

This,  I would  however  obferve,  relates  to  air 
fully  faturated  with  water,  in  confequence  of  its 
having  been  kept  in  jars  ftanding  in  water,  fo  that 
I think  it  poflible  that  the  water  in  the  drieft  de- 
phlogifticated air  may  not  amount  to  more  than 
nine  tenths  of  its  weight.  But  I have  not  afcer- 
tained,  by  any  experiment,  how  much  water  any  of 
the  kinds  of  air  are  capable  of  holding  in  a diffufed 
ftate,  without  being  any  neceftary  part  of  their 
conftitution*. 

T hough  Mr.  Keir  found  the  greateft  part  of  the 
acid  in  the  liquor  with  which  I furnifhed  him  to 

^ Refledling  farther  on  the  fubjed,  and  efpecially  on  the  quan- 
tity of  phlogifticated  acid  vapour  that  efcapes  in  all  thefc  procefles, 
I think  there  is  reafon  to  conclude,  that  there  is  much  more  of  the 
acidifying  principle,  and  lefs  of  water,  in  the  compofition  of  de- 
phlogifticated air  than  is  here  fuppofed.  By  making  the  experi- 
ment with  more  care,  and  efpecially  allowing  the  tube  more  time 
to  cool  after  each  explofton  in  it,  I have  actually  found  more  acid 
than  I had  when  this  article  was  firft  written.  Still,  however,  I 
ihould  imagine,  that  without  ufing  particular  care  to  dry  the  air, 
the  acid  may  be  only  one  tenth  of  the  weight. 
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be  the  nitrous^  there  were  evident  figns  of  its  con- 
taining a fmall  portion  of  marine  acid,  by  its  making 
a precipitation  with  a folution  of  filvet  in  nitrous 
acid.  But  this  mixture  of  marine  acid,  he  ob- 
ferves,  is  conftantly  found  to  accompany  the  pro- 
dudtion  of  nitre  in  the  operations  of  nature.  Whe- 
ther the  different  fubftances  from  v/hich  the  de- 
phlogifticated  air  was  extradled  made  any  differ- 
ence in  this  cafe,  I cannot  tell ; but  that  which  I 
gave  Dr.  Withering  was  from  minium,  and  that 
which  Mr.  Keir  examined  was  from  manganefe. 

In  the  notes  which  I took  of  the  firft  produc- 
tion of  this  liquor  I termed  it  Hue,  and  Dr.  Wither- 
ing allb  calls  it  blue,  and  once  a greenijh  Uue\ 
but  that  which  I gave  Mr.  Keir,  and  all  that  I 
have  got  fince,  is  a decided  and  deep  green^  which 
Mr.  Keir  thinks  to  be  owing  to  the  phlogiftica- 
tion  of  the  nitrous  acid. 
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SECTION  VI. 

Ohje5iions  to  the  preceding  Experiments  conftdered, 

HAV  I N G never  failed,  when  the  experiments 
were  conduced  with  due  attention,  to  pro- 
cure fome  acid  whenever  I decompofed  dephlogifti- 
cated  and  inflammable  air  in  clofe  veflfels,  I con- 
cluded that  an  acid  was  the  neceflary  refult  of  the 
union  of  thofe  two  kinds  of  air,  and  not  water 
only  5 which  is  an  hypothefis  that  has  been  main^- 
tained  by  Mr.  Lavoifier  and  others,  and  which  has 
been  made  the  bafis  of  an  intirely  new  lyftem  of 
chemiftry,  to  which  a new  fyftem  of  terms  and 
characters  has  been  adapted.  The  fa5ls  that  I al- 
leged were  not  difputed;  but  to  my  conclufton  it 
was  objedled,  that  the  acid  I procured  might  come 
from  the  phlogifliicated  air,  which  in  one  of  my 
proceflTes  could  not  be  excluded  j and  that  it  was 
reafonable  to  conclude  that  this  was  the  cafe,  be- 
caufe  Mr.  Cavendilh  had  procured  the  fame  acid, 
viz.  the  nitrous,  by  decompofmg  dephlogifticated 
phlogiflicated  air  with  the  ele6tric  fpark.  In 
Other  cafes  it  has  been  faid,  that  the  faed  air  I pro- 
cured ' 


Se5f.  VL  NITROUS  acid^  55 

cured  came  from  the  'plumbago  in  the  iron  from 
which  my  inflammable  air  had  been  extradled. 

Withrefpe61:  to  the  former  of  thefe  obje£lions  I 
would  obferve,  that  my  procefs  is  very  different 
from  that  of  Mr.  Cavendifh;  his  decompolition 
being  a very  flow  one  by  ele6triclty,  and  mine  a 
very  rapid  one  by  fimple  ignition^  a procefs  by 
which  phlogifticated  air,  as  I found  by  aftual  trial, 
was  not  at  all  affefted;  the  dephloglfliicated  and 
inflammable  airs  uniting,  and  leaving  the  phlogif- 
ticated air  (as  they  probably  would  any  other  kind 
of  air  with  which  they  might  have  been  mixed) 
juft  as  it  was. 

I would  alfo  obferve,  that  there  is  no  contra- 
didlion  whatever  between  Mr.  Cavendifh’s  experi- 
ment and  mine,  fince  phlogifticated  air  may  con- 
tain phlogifton,  and  by  means  of  eledlricity  this 
principle  may  be  evolved,  and  unite  with  the  de- 
phlogifticated  air  (or  with  the  acid  principle  con- 
tained in  it)  as  in  the  procefs  of  fimple  ignition 
the  fame  principle  is  evolved  from  inflammable 
air,  in  order  to  form  the  fame  union ; in  conle- 
quence  of  which,  the  water,  which  was  a neceflary 
ingredient  in  the  compofition  of  both  the  kinds  of 
air,  is  precipitated.  That  in  other  circumftances 
than  thofe  in  which  I made  the  experiments,  the 
acid  wholly  efcaped,  and  nothing  but  water  was 
found,  may  be  eafily  accounted  for,  from  the  fmall 
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quantity  of  the  acid  principle  in  proportion  to  the 
water,  and  the  extreme  volatility  of  it,  owing,  I 
prefumc,  to  its  high  phlogiftication  when  formed 
in  this  manner. 

In  order  to  afeertain  the  effedl  of  the  prefence  of 
phlogifticated  air  in  this  procefs,  I now  not  only 
repeated  the  experiment  of  mixing  a given  quan- 
tity of  phiogifticated  air  with  the  two  other  kinds 
of  air,  and  found,  as  before,  that  it  was  not  affedf- 
ed  by  the  operation ; but  I made  the  experiment 
with  atmofpheric  air,  inftead  of  dephlogiftiqated. 
Since  the  air  of  the  atmofphere  icon  tains  a greater 
proportion  of  phiogifticated  air,  it  might  be  ex- 
pected that,  if  the  acid  I got  before  came  from  the 
fmall  quantity  of  phiogifticated  air  which  I could 
not  poftibly  exclude,  I ftiould  certainly  get  more 
acid,' when,  inftead  of  endeavouring  to  exclude  it, 
I purpofely  introduced  a greater  quantity.  But  the 
confequence  was  the  produ«51:ion  of  much  lefs  acid 
than  before,  the  liquor  I procured  being  fome- 
times  not  to  be  diftinguifhed  from  pure  water, 
except  by  the  greateft  attention  poflible : for  though 
the  decompofition  was  made  in  the  fame  copper 
veftcl  which  I uled  in  the  former  experiments,  there 
was  now  no  fenftble  tinge  of  green  colour  in  ,ic. 

When  I repeated  this  experiment  in  a glaf§ 
veftel,  I perceived,  as  I imagined,  the  reafon  of 
the  fmall  produce  of  acid  in  thefe  new  circumftanccs ; 
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for  the  vefTel  was  filled  with  a vapour  which  was 
not  foon  condenfed,  and  being  difFufed  through  the 
phlogifticated  air  (which  is  not  affeded  by  the  pro- 
cefs)  is  drawn  away  along  with  it,  when  the  ex- 
haufting  of  the  tube  is  repeated  j whereas,  when 
there  is  little  or  no  air  in  the  vefTel  befides  the 
two  kinds  which  unite  with  each  other,  and  are 
deconapofed,  the  acid  vapour,  having  nothing  to 
attach  itfelf  to  and  fupport  it  (by  being  entangled 
with  it)  much  fooner  attacks  the  copper,  making 
the  deep  green  liquor  which  I have  defcribed. 
Sometimes,  however,  I have  procured  a liquor 
which  was  fenfibly  green  by  the  decompofition  of 
atmofpheric  and  inflammable  air,  but  by  no  means 
of  fo  deep  a colour,  or  fo  fenfibly  acid, 'as  when 
the  dephlogiflicated  air  is  ufed. 

The  extreme  volatility  of  the  acid  thus  formed 
(and  which  accounts  for  the  efcape  of  fome  part 
of  it  in  all  thefe  procefles)  is  apparent  from  this 
circumflance,  that  if  the  explofions  be  made  in 
quick  fucceffion  (the  tube  being  exhaufled  imme- 
diately after  each  of  them,  and  filled  again  as  foon 
as  poffible)  no  liquor  at  all  will  be  coiie6i;ed,  the 
whole  of  the  acid  vapour,  together  with  the  water 
with  which  it  was  combined,  being  drawn  off  un- 
condenfed  in  every  procefs.  I once  made  twenty 
fucceffive  explofions  of  this  kind,  in  a copper  tube, 
out  of  winch  I found  that  I drew  thirty  feven  ounce 
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meafures  of  air  by  the  a6lion  of  the  pump,  and 
found  not  a fingle  drop  of  liquid,  though  near  an 
hour  was  employed  in  the  whole  procefs,  and  the 
velTel  was  never  made  more  than  a little  warmer 
than  my  hand.  This  was  a degree  of  heat  by 
no  means  fufficient  to  keep  the  whole  of  any  quan- 
tity of  water  in  a ftate  of  vapour 5 and  is  a cir- 
cumftance  that  of  itfelf  fufiiciently  proves,  that  the 
vapour  did  not  confill  of  water  only. 

Indeed,  I think  it  impolTible  for  any  one  to  fee 
this  vapour  in  a tall  glafs  veflel,  and  efpecially  to 
obferve  how  it  falls  from  one  end  of  it  to  the 
other,  and  the  time  that  is  required  to  its  wholly 
difappearing,  without  being  fatisfied  that  it  con- 
fifts  of  fomething  elfe  than  mere  water,  the  vapour 
of  which  would  be  more  equally  diffufed.  If  the 
appearance  to  the  eye  Ihould  fail  to  convince  any 
perfon  of  this,  the  fenfe  of  fmell  would  do  it : for 
even  in  a glafs  veflel  it  is  very  olFenfive,  though  it 
might  not  be  pronounced  to  be  acid*  I conjedbure, 
however,  that  this,  and  every  other  fpecies  oi  jmell^ 
is  produced  by  fome  modification  of  the  acid  or 
alkaline  principle.  Some  may  be  difpofed  to 
afcribe  this  fmell  to  the  iron  from  which  the  in- 
flammable air  was  produced  5 but  the  fmell  is  the 
fame,  or  nearly  fo,  when  the  air  is  from  tin,  and 
would  probably  be  the  fame  if  it  were  from  any 
other  fubftance. 
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Befides  ufing  atmofpheric  air,  which  contains 
a greater  proportion  of  phlogifticated  air,  I have 
fometimes  ufed  dephlogifticated  air  which  was  not 
very  pure ; and  in  this  cafe  Lhave  always  obferved, 
that  the  liquor  I procured  had  lefs  colour,  and  was 
lefs  fenfibly  acid. 

Thefe  obfervations  might,  I Ihould  think,  ^ fatisfy 
any  reafonable  perfon,  that  the  acid  liquor  which 
I procured  by  the  explofion  of  dephlogifticated  and 
inflammable  air  in  clofe  veflels  did  not  come  from 
the  phlogifticated  air  which  could  not  be  excluded, 
whether  it  was  that  which  remained  in  the  veflel 
after  exhaufting  it  by  the  air  pump,  or  that  with 
which  the  dephlogifticated  air  was  more  or  lefs 
contaminated. 

I muft  obferve,  that  the  fuppofition  of  water 
entering  into  the  conftitution  of  all  the  kinds  of  air, 
and  being,  as  it  were,  their  proper  hafis^  that  with- 
out which  no  aeriform  fubftance  can  fubfift  (which 
the  preceding  experiments  render  in  a high  degree 
probable)  makes  it  unneceflary  to  fuppofe,  as  my- 
felf  as  well  as  others  have  done,  that  water  con- 
fifts  of  dephlogifticated  air  and  inflammable  air, 
or  that  it  has  ever  been  either  compofed  or  decom- 
pofed  in  any  of  our  procefles. 

That  water  is  decompofed  when  inflammable  air 
is  procured  from  iron  by  fteam,  is  not  probable  j 
lince  the  inflammable  principle  may  very  well  be 
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fuppofed  to  come  from  the  iron,  and  the  addition 
of  weight  acquired  by  the  iron  may  be  afcribed  to 
the  water  which  has  difplaced  it.  Alfo  when  the 
Jcale  of  irofiy  or  finery  cinder is  heated  in  inflamma- 
ble air,  it  gives  out  what  it  had  gained,  viz.  the 
water. 

The  moft  plauflble  objedtion  to  this  hypothefis 
is,  that  iron  gains  the  fame  addition  of  weight,  and 
becomes  the  fame  thing,  whether  it  be  heated  in 
contadt  with  fteam,  or  furrounded  by  dephlogiilK 
cated  air.  But  from  the  preceding  experiments 
it  appears,  that  by  far  the  greatefl  part  of  the  weight 
of  dephlogifticated  air  is  water ; and  the  fmali  quan- 
tity of  acid  that  is  in  it  may  well  be  fuppofed  to 
be  employed  in  forming  the  fixed  air^  which  is  al- 
ways found  in  this  procefs:  for  that  there  is  one 
common  principle  of  acidity^  and  that  all  the  acids 
are  convertible  into  one  another  (at  leafl:  the  nitrous 
acid  into  fixed  air)  is  by  no  means  an  improbable 
fuppofition,  though  we  are  not  yet  in  pofleflion  of 
any  procefs  by  which  it  may  be  done.  It  is  pretty 
evident  that,  in  this  refpedt,  nature  adtually  does 
what  we  are  not  able  to  do. 

In  reply  to  what  has  been  objedeed  to  my  former 
experiments,  as  being  liable  to  exception  from  the 
phlogiflicated  air  which  could  not  be  excluded  from 
the  dephlogifticated  air  when  it  was  decompofed 
by  means  of  inflammable  air,  I would  farther  ob- 
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ferve,  that  I have  found  the  procefs  I have’  made 
life  of  to  have  no  tendency  whatever  to  decompole 
phlogifticated  air.  Indeed,  nothing  that  we  have 
hitherto  known  concerning  this  kind  of  air  could 
make  it  probable,  that  mere  heat,  in  contaft  with 
dcphlogifticated  or  inflammable  air,  could  have  this 
effedl.  And  it  is  of  no  confeqtience  whatever  to 
fay,  that  any  particular  fubftance,  imagined  to  be 
decompofed,  is  prefent  in  a procefs,  unlefs  it  can 
bo  fhewn  that,  in  that  procefs,  there  are  agents 
capable  of  decompofing  it.  If  mere  heat  (which  is 
all  that  my  procefs  requires)  would  decompofe  phlo- 
gifticated air,  and  reduce  it  to  nitrous  acid,  the 
tranfmifTion  of  common  air  (which  confifts  of  de- 
phlogifticated  and  phlogifticated  air)  through  a red 
hot  tube  would  have  this  eifedl,  which  it  is  well 
known  not  to  have. 

But  what  I have  aflferted  above  is  a conclufion 
which  I have  drawn  from  comparing  the  decom- 
pofition  of  dephlogifticated  air  by  the  two  proceffes 
with  nitrous  and  inflammable  air.  That  nitrous 
air,  when  mixed  with  dephlogifticated  air,  has  no 
tendency  to  produce  phlogifticated  air,  is  evident 
from  the  almoft  total  evanefcence  of  both  of  them, 
when  they  are  very  pure,  and  mixed  in  due  pro- 
portions; and  that  nitrous  air  has  no  efFe61:  on 
phlogifticated  air  is  well  known.  If  then  the 

firing 
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firing  ‘of  dephloglilicated  and  inflammable  air  had 
a tendency  to  decompofe  any  portion  of  phlogifti-. 
cated  air,  which  fliould  happen  to  be  mixed  with 
them,  lefs  would  remain  after  the  firing  of  inflam- 
mable and  impure  dephloglilicated  air  than  after 
mixing  it  with  nitrous  air ; for  as  the  impurities  of 
dephloglilicated  air  confiil  of  phlogiilicated  air, 
thole  would  difappear  in  a greater  proportion  in  the 
former  procefs  than  in  the  latter.  But  by  many 
careful  trials  I find,  that  I can  reduce  any  kind  of 
dephlogiilicated  air  no  farther  by  a mixture  of  in- 
flammable air  than  I can  by  nitrous  air.  When 
the  proportions  are  well  managed,  the  dimi- 
nution is  as  nearly  as  poiTible  the  fame  in  both  the 
cafes. 

I muil  obferve,  however,  that  it  requires  more 
nitrous  air  than  inflammable  air  (from  iron  by 
fteam)  to  produce  this  eflfedt  in  the  proportion  of 
about  ten  to  nine ; fo  that  nitrous  air  does  not 
contain  quite  fo  much  phlogifton  as  an  equal  bulk 
of  inflammable  air,  as  I had  before  thought  to  be 
the  cafe. 

In  this  fe6lion  it  will  be  obferved,  that  I make 
the  diminution  of  common  air  by  nitrous  air  to  be 
confiderably  lefs  than  I have  ufually  done  before. 
This  has  been  the  confequence  of  giving  the  two 
kinds  of  air  a little  agitation  at  the  inftant  of  mix- 
ing, 
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ing,  which  will  generally  make  the  diminution  lefs 
by  two  tenths  of  a meafure.  But  I have  found, 
that  when  thefe  mixtures  of  air,  with  and  without 
agitation,  have  been  kept  fome  time,  they  approach 
to  an  equality  of  bulk. 

At  the  fame  time  I have  obferved,  what  I think 
not  a little  extraordinary,  that  agitation  prevents 
the  greateft  diminution  of  dephlogifticated  and  ni- 
trous air.  I have  found  it  to  be  2.5  without  agita- 
tion, and  6.  with  it. 

The  iefs  diminution  of  the  mixture  of  nitrous  and 
common  air  is  probably  owing  to  the  prefence  of 
fo  much  phlogifticated  air,  which  impedes  the 
meeting  of  the  nitrous  air  with  the  dephlogifticated 
' air  in  the  mixture  \ becaufe  I find  the  fame  to  be 
cafe  when  I mix  the  fame  proportion  of  inflam- 
mable air  with  dephlogifticated  air  j and  when  de- 
phlogifticated air  is  agitated  with  nitrous  air,  the 
water  may  impede  their  union,  as  the  phlogifticated 
air  did  before. 

There  is,  therefore,  no  fource  of  nitrous  acid 
which  I find  on  the  decompofition  of  dephlogifti- 
cated and  inflammable  air,  befides  the  union  of 
of  thofe  two  kinds  of  air,  which  therefore  do  not 
make  mere  water,  as  the  antiphlogiftians  fuppofe, 

N.  B.  To  this  article,  when  originally  printed  in 
the  Philofophical  Tranfadions,  were  ftibjoined  let- 
ters 
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ters  to  me  from  Dr.  Withering  and  Mr.  Keir,  cori- 
taining  analyfes  of  the  green  liquor  formed  in  the 
experiments  here  mentioned.  They  may  be  feen^ 
Phil.  Tranf.  Vol.  78,  p.  323. 

Before  I conclude  this  fedion,  I fhall  juft  men-* 
tion  a few  circumftances  attending  the  many  explo- 
fions  I hav^e  made  of  inflammable  and  dephlogifti-^ 
cated  air  in  the  long  metallic  and  glafs  veflTels  I 
have  made  ufe  of,  as  they  were  pretty  remarkable. 
The  explofions  were  made  by  afmall  ele&ic  fpark 
at  one  end  of  the  veflel,  and  the  greateft  force  of 
the  explofion  was  always  at  the  other  end.  No  tinned 
iron  veflel  could  bear  many  of  them  before  they 
fwelled  out  at  that  end,  and  at  length  burft  j and 
even  the  flat  end  of  the  copper  veiTei,  which  was  not 
lefs  than  one  tenth  of  an  inch  thick,  was  in  time 
made  quite  convex,  and^  the  cylindrical  part  next  to 
it  was  made  very  fenfibly  wider  than  any  other  part 
of  the  tube.  This  muft  have  been  efiedled  by  mere 
force^  and  not  by  heat  ^ for  the  hotteft  part  of  the 
tube  after  every  explofion,  was  never  there,  but  al- 
ways about  the  middle,  though  fomething  nearer  to 
that  end  than  the  other,  and  in  the  glafs  veflel  the 
denfe  cloud  was  always  formed  at  that  end. 

The  probability  is,  that  the  air  where  the  eledlric 
fpark  is  made  taking  fire  firft,  the  inflammation  does 
not  extend  itfelf  fo  rapidly  but  that  the  air  at  the 
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oppofite  end  is  firft  condenfed,  in  confequence  of 
the  inflammation  and  expanfion  of  the  air  at  the 
other  end,  fo  that  the  air  is  there  fired  in  a con- 
denfed ftate  5 and  hence  its  greater  force. 


SECTION  VII. 

Of  Air  produced  hy  the  Solution  of  Vegetable  Suhftances 
in  Spirit  of  Nitre. 

The  experiments,  of  which  an  account  will  be 
given  in  this  fedtion,  were.occafioned,  in  part, 
by  a hint  thrown  out  by  Mr.  Bewley,  in  his  letter 
to  me,  printed  in  an  Appendix  of  one  of  my  former  vo- 
lumes ; but  more  immediately  by  an  experiment 
which  I had  the  pleafure  to  fee  at  Paris,  in  the  la- 
boratory of  Mr.  Lavoifier,  my  excellent  fellow -la- 
bourer in  thefe  inquiries j and  to  whom,  in  a variety 
of  relpedts,  the  philofophical  part  of  the  world  has 
very  great  obligations. 

Mr.  Bewley  fays,  that  he  had  always  taken  it  for 
granted,  diat  the  elaftic  fluid,  generated  in  the  pre- 
VoL.  Ill,  ' F paration 
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paration  of  nitrous  ether^  without  diftillation,  was 
fixed  air  ; but  that,  after  feeing  the  firft  publica- 
tion of  my  papers  relating  to  air,  he  found,  on  ex- 
mination,  that  it  had  the  general  properties  of  ni- 
trous air. 

At  Mr.  Lavoifier’s  I faw,  with  great  aftonifh- 
ment,  the  rapid  production  of,  I believe,  near  two 
gallons  of  air,  from  a mixture  of  fpirit  of  nitre  and 
fpirit  of  wine,  heated  with  a pan  of-  charcoal ; and 
when  that  ingenious  phllofopher  drew  this  air  out  of 
the  receiver  with  a pump,  and  applied  the  flame  of 
a candle  to  the  orifice  of  the  tube  through  which  it 
was  conveyed  into  the  open  air,  it  burned  with  a 
blue  flame ; and  working  the  pump  pretty  vigoroufly, 
he  made  the  flreams  of  a blue  flame  extend  to  a 
confiderable  diftance.  Being  very  much  flruck  with 
this  experiment,  I determined  with  myfelf  to  give 
particular  attention  to  it,  and  purfue  it  after  my  re- 
turn to  England. 

My  firft  idea  was,  that  this  air  was  the  fame  thing 
with  the  phlogifticated  nitrous  air,  as  I then  called  it, 
which  I had  procured,  by  expofing  pieces  of  iron  or 
liver  of  fulphur  to  nitrous  air,  the  phlogiftonof  the  fpi- 
rit of  wine  being,  as  I fuppofed,  difengaged  in  this  pro- 
cefs,  and  becoming  incorporated  with  the  nitrous 
acid,  in  the  fame  manner  as  the  phlogifton  that  is 
•difengaged  from  the  other  two  fubftances.  Thefe 
kinds  of  air  differed,  however,  in  one  refpeCl,  viz. 

that 
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that  in  Mr.  Lavoifier’s  experiment  the  flame  was 
blue,  whereas  it  had  not  been  fo  in  mine.  But 
this  leemed  to  be  a circumftance  of  no  great  import- 
ance. Indeed  I cannot  fay,  that,  at  prefent,  my 
idea  of  the  thing  is  materially  different  from  what  it 
was  then  ; but  I have  fince  had  an  opportunity,  by 
purfuing  this  experiment,  of  obferving  a much  great- 
er variety  in  the  produdlion  of  air  by  means  of 
fpirit  of  nitre,  than  I had  any  expectation  of  be- 
fore. 

In  general,  it  will  be  feenj  in  the  courfe  of  thefe 
experiments,  that  if  the  fubflance  with  which  the 
Ipirit  of  nitre  is  heated,  whether  it  be  fluid  or  folid, 
contain  much  phlogifton,  the  air  produced  from  it 
will  be  nitrous  air,  or  poflefs  the  property  of  dimi- 
nifliing  common  air  to  a confiderable  degree  5 and, 
in  almofl:  all  cafes,  with  a mixture  of  fixed  ain  If 
the  fubflance  be  inflammable,  the  air  will  generally 
be  fuch  as  I faw  at  Mr.  Lavoifier’s,  burning  with  a 
blue  flame.  But  this  inflammability  is  of  a very 
delicate  kind,  refembling  that  of  dephlogifticated  ni- 
trous air ; for  the  air  is  eafily  deprived  of  it  by  waffl- 
ing in  water. 

A particular  account  of  thefe  experiments,  though 
very  remarkable  in  their  nature,  will,  I forefee,  be 
thought  tedious  by  fome  perfons  \ but  the  detail  will 
be  very  ufeful  to  fuch  as  fflall  chufe  to  profecute 
them;  efpecially  on  account  of  the  precautions  that 
F % I fflall 
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I ihall  occafionally  give  to  prevent  difagreeable  ac- 
cidents from  them.  Every  chemift  knows  how  ha- 
zardous it  is  to  mix  fpirit  of  nitre  with  inflammable 
matters ; and  I was  not  unapprized  of  it,  having 
feen  the  effed  in  a courfe  of  chemical  ledures  many 
years  ago.  But,  being  obliged  to  make  thefe  mix- 
tures in  a very  different  m.anner,  the  effed  could  not 
be  obviated  without  a variety  of  precautions,  which 
experience  only  taught  me. 

Beginning  with  fpirit  of  vnney  in  imitation  of  the 
experiment  which  I had  feen  at  Mr.  Lavoifier's,  I 
made  the  mixture  with  the  fpirit  of  nitre,  in  the 
manner  direded  in  the  procefs  for  making  nitrous 
ether ; putting  about  one  third  of  fpirit  of  nitre  to 
two  thirds  of  fpirit  of  wine,  in  fuch  a phial  as  PL 
I.  mixing  them  very  gradually.  Heating  this  mix- 
ture with  the  flame  of  a candle,  I received  the  air 
in  water ; and  when  I had  procured  a confiderablc 
quantity  of  it,  I examined  it,  and  found  it  to  burn 
with  a gentle  blue,  or  greenifh  flame,  nearly  the  fame, 
as  well  as  I could  recoiled,  with  that  which  I had 
feen  at  Mr.  I.avoifier’s  y fo  that  I had  no  doubt  but 
that  my  procefs,  though  fomewhat  different  from 
his,  had  anfwered  perfedly  well. 

Confidering  this  flame  with  attention,  I though^ 
it  very  much  refembled  that  which  is  produced  by  a 
mixture  of  about  one  third  inflammable  air,  and 
two  thirds  pitrgus  air  \ and  concluded,  that  it  was 
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probably  compofed  of  them  both ; the  nitrous  acid 
forming  nitrous  air,  by  feizing  upon  the  phlogifton 
of  the  fpirit  of  wine ; and  there  being  a redundancy 
of  inflammable  matter,  fuflicient  to  render  the  air 
partially  inflammable. 

In  the  di regions  to  make  nitrous  ether,  I was 
cautioned  to  pour  the  fpirit  of  nitre  upon  the  fpirit 
of  wine,  and  by  no  means  to  pour  the  fpirit  of  wine 
upon  the  fpirit  of  nitre.  But  though  this  method 
of  mixing  thefe  liquids  may  not  anfwer  the  purpofe 
of  making  nitrous  ether,  it  anfwered  very  well  for 
the  produdion  of  air,  and  was  a very  ufeful  variety 
in  the  procefs.  It  is  neceflfary,  however,  that  the 
unexperienced  operator  fliould  be  upon  his  guard  in 
thefe  experiments. 

The  fpirit  of  nitre  Ihould  be  much  diluted,  and 
the  quantity  of  any  liquid  ihflammable  matter  fliould 
be  very  fmall,  juft  fuflicient  to  cover  the  furface  of 
it : otherwife,  though  the  mixture  may  exhibit  no 
alarming  appearance  at  firft,  it  will,  in  a little  time, 
become  very  black,  beginning  at*  the  furface ; the 
phial  will  then  be  filled  with  red  fumes,  the  air  will 
be  generated  in  a prodigious  torrent,  and,  unlefs  the 
tube  through  which  it  is  tranfmitted  be  fufficiently 
wide,  and  the  veflel  in  which  the  mixture  is  made  be 
very  ftrong,  the  whole  will  be  exploded  with  great 
violence.  Of  this  I have  feen  but  too  many  in- 
ftances  5 and  fometimes  when  I had  thought  that 
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my  experience  had  taught  me  fufficient  precaution. 
Behdes,  all  oily  matters  become  extremely  vifcid, 
by  mixing  with  fpirit  of  nitre  ; and  this  vifcid  mat- 
ter getting  into  the  tube,  flops  it  up,  and  much  in- 
creafes  the  hazard  of  an  explofion.  But  to  recur  to 
the  experiments. 

Having  poured  a veiy  little  fpirit  of  wine  upon  a 
quantity  of  diluted  fpirit  of  nitre  in  a glafs  phial,  with 
a ground  ftopper  and  tube,  a great  quantity  of  air 
was  prefently  produced.  When  a candle  was  dipped 
into  this  air,  it  was  extinguilhed ; but  in  going  out 
was  furrounded  with  a flight  blue  or  green  flame, 
but  hardly  more  than  is  perceived  in  nitrous  air. 
Almoft  one  half  of  this  produce  of  air  was  readily 
abforbed . by  water,  and  precipitated  lime  in  lime 
water  ; and  I doubt  not  but  that,  in  the  fubfequent 
experiments,  as  well  as  in  this,  a great  proportion  of 
the  air  produced  in  this  manner  was  fixed  air. 
The  remainder  was  nitrous,  almoft  as  ftrong  as 
any. 

Upon  air  produced  in  this  manner  from  oil  of  tur^ 
pentiney  I happened  to  make  a few  more  experi- 
ments, fome  of  which  are  not  a little  remarkable. 
When  I ufed  the  ftrongeft  fpirit  of  nitre  in  this  pro- 
cefs,  it  was  very  difficult  to  get  much  air,  on  account 
of  the  fuddennefs  of  the  effervefcence  ; but  a great 
quantity  of  air  is  eafily  produced  by  diluting  the 
firioking  fpirit  of  nitre  with  an  equal  quantity  of 
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water.  At  one  time,  however,  when  I had  heated 
this  mixture  pretty  much,  and  it  had  yielded  a great 
deal  of  air,  though  I withdrew  the  candle,  the  air 
continued  to  be  produced  fafter  and  fafter  for  about 
a minute.  It  then  came  quite  in  a torrent ; all  the 
oil  of  turpentine  was  thrown  out  of  the  phial,  and 
the  fpirit  of  nitre  only  left  in  it.  This  is  llkewile 
the  cafe  with  other  fimilar  mixtures  ; fo  that  when  it 
is  negeflary  to  apply  heat,  it  fhould  be  done  very 
gradually  and  cautioufly,  and  the  air  fliould  never 
be  generated  veiy  fail,  unlefs  the  purpofe  of  the  ex- 
periment require  it^  and  the  operator  be  upon  his 
guard  accordingly. 

When  I received  this  air  in  water,  it  extinguifhed 
a candle,  and  did  not 'diminifh  common  air.  When 
received  in  quicklilver,  it  ftill  extinguifhed  a can- 
dle ; but  as  it  went  out  the  third  or  fourth  time,  it 
was  furrounded  with  a bluifh  flame,  as  large  as  that 
of  the  candle.  And  happening,  at  one  time,  m ap- 
ply more  heat  than  I intended  when  the  air  was  re- 
ceived in  water  (and  in  confequence  of  it,  the  air 
was  produced  very  fuddenly)  I examined  it  imme- 
diately, and  a candle  burned  in  it  with  an  enlarged 
flame,  though  not  remarkably  fo.  It  fhews, 
however,  that  in  this  procefs  alfo,  as  well  as  in  the 
procefs  for  making  dephloglflicated  nitrous  air,  the 
property  of  its  admitting  a candle  to  burn  with  an 
enlarged  flame  depends,  in  a great  meafure,  upon 
F 4 th^ 
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the  time  at  which  the  experiment  is  tried  after  the 
air  is  produced,  and  upon  other^  delicate  circum- 
ftances. 

A quantity  of  this  air,  received  in  water,  was 
about  half  abforbed  in  one  night.  By  agitation  it 
^ appeared  to  be  abforbed  not  fo  readily  as  fixed  air, 
nor  with  fo  much  difficulty  as  nitrous  air,  but  in  a 
medium  between  both.  When  this  air  was  reduced 
to  about  one  eighth  of  its  original  bulk,  it  was  di- 
miniffied  by  nitrous  air.  But  this  is  the  cafe  with  all 
the  kinds  of  air  that  will  bear  the  experiment,  and 
even  with  nitrous  air  itfelf^  as  I have  obferved  be- 
fore. 

At  the  time  that  I made  the  preceding  experi- 
ments with  oil  of  turpentine,  I had  no  lime  water  at 
hand  \ and  therefore  only  judged  that  part  of  the 
produce  was  fixed  air,  by  the  manner  in  which  it 
was  abforbed  by  water.  But,  lefs  certain  as  this  teft 
is,  a perfon  much  ufed  to  experiments  of  this  kind, 
will  be  able  to  apply  it  with  fufficient  certainty  in 
mofi:  cafes.  However,  repeating  this  experiment^ 
when  I had  procured  the  glafs  phials  with  ground 
ftoppers  and  tubes,  I found  that  the  greateft  part  of 
this  air  was  Unqueftionably  fixed  air,  precipitating 
lime  in  lime  water,  as  much  as  any  fixed  air  what- 
ever, and"  that  the  remainder  was  ftrongly  nitrous. 
Attempting  at  this  time  alfo,  to  receive  the  air  in 
quickfilver,  a good  deal  of  the  vapour  of  the  Ipirit  of 
^ ^ . i nitre 
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nitre  came  over;  and,  dilTolving  the  qulckfilver, 
made  the  produce  of  air  almoft  wholly  nitrous. 

I obferved,  at  one  time,  when  I had  produced 
this  air  in  a phial  with  a ground  Hopper,  that  after 
the  firft  part  of  the  procefs,  in  which  no  heat  was 
applied,  the  water  ruihed  back  into  the  phial. 
Upon  this  I applied  the  flame  of  a candle  to  the 
diluted  mixture,  and  getting  a fecond  produce  of 
air,  examined  them  both  feparately.  Both  of  them 
contained  a great  proportion  of  fixed  air,  precipi- 
tating lime  in  lime  water  very  much ; and  when 
the  fixed  air  was  walked  out  of  them,  they  both 
diminilhed  common  air,  but  the  latter  more  than 
the  former.  Two  meafures  of  common  air,  and 
one  of  this,  occupied  the  Ipace  of  little  more  than 
two  meafures. 

In  order  to  judge  how  far  an  acid  prevailed  in  this 
air  from  fpirit  of  nitre,  and  oil  of  turpentine,  I put 
alkaline  air  to  it  j when  inftantly  a white  cloud  was 
produced,  which  rofe  to  the  top  of  the  veflTel ; but 
it  was  by  no  means  fo  denfe  as  that  which  is  pro- 
duced by  mixing  alkdine  air  with  any  of  the  acid 
airs ; nor  did  the  whole  quantity  of  air  difappear, 
but  only  half  of  it.  However,  all  the  infide  of  the 
tube  was  covered  with  a faline  fubfiancc,  which  I 
did  not  examine,  but  fuppofed  it  to  have  been  the 
vitmis  ammoniac*  Having  the  curiofity  to  dip  the 
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flame  of  a candle,  which  happened  to  be  at  hand, 
into  the  air  that  remained  of  this  mixture,  it  ap- 
peared to  be  fo  far  inflammable,  as  even  to  make  a 
confiderable  explofion  ; but  not  quite  fo  great  a one 
as  I have  obferved  to  have  been  made  by  a quantity 
of  dephlogifticated  nitrous  air. 

Repeating  this  experiment  fome  time  afterwards, 
about  one  fourth  of  the  mixture  of  this  air,  and 
alkaline  air,  difappeared  upon  their  being  put  to- 
gether. Half  of  the  remainder  was  abforbed  by 
Water ; and  in  this  fecond  remainder  (which,  by  its 
rednefs,  on  being  expofed  to  common  air,  appeared 
to  be  confiderably  nitrous)  a candle  burned  with  a 
beautifully  enlarged  flame. 

In  thefe  cafes  the  alkaline  air  muft:  have  fup- 
plied  the  phlogifton.  For  neither  of  the  com- 
ponent parts  of  this  air,  viz.  the  fixed  or  the  nitrous, 
are  either  feparately,  or  together,  inflammable.  It 
is  fomething*  remarkable,  however,  that  when  I 
mixed  equal  quantities  of  nitrous  and  alkaline  air, 
and  examined  the  mixture  immediately,  the  nitrous 
air  feemed  not  to  have  been  at  all  afFed:ed  by  the 
alkaline  air.  It  was  not  in  the  fmalleft  degree  in- 
flammable. I had  imagined  that  alkaline  air  might, 
in  this  manner  alfo,  have  phlogiflicated  the  nitrous 
air  5 but  it  feems  that  when  it  is  fo  applied,  it  has 
no  fuch  effeft. 
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Air  produced  from  all  the  ejfential  oils  by  fpirit 
of  nitre,  has,  I believe,  the  fame  properties  as  that 
which  is  produced  from  oil  of  turpentine.  I tried 
another,  but  I forget  which,  in  a phial  with  a ground 
Hopper,  and  the  air  produced  from  it  precipitated 
lime  in  lime  water,  extinguiflied  a candle,  and  di- 
minilhed  common  air  a little. 

Ether y both  vitriolic  and  nitrous,  heated  in  fpirit 
of  nitre,  yields  the  fame  kind  of  air  as  the  eflential 
plls,  or  fpirit  of  wine,  viz.’ partly  fixed  air,  and 
partly  dephlogiflicated  nitrous  air.  Equal  caution  is 
alfo  neceflary  in  conducing  this  procefs;  for  the 
phenomena  attending  it  are  the  fame  that  I deferibed 
in  the  beginning  of  this  fedfion,  and  in  the  higheft 
degree.  I would  therefore  recommend  the  ufing 
of  a very  fmall  quantity  of  the  ether,  and  putting 
it  upon  the  fpirit  of  nitre. 

At  firft,  however,  in  imitation  of  the  procefs  for 
making  nitrous  ether,  1 poured  the  fpirit  of  nitre 
upon  the  ether,  as  1 had  done  at  firft  alfo  with 
fpirit  of  wine , and,  heating  the  mixture,  received 
the  air,  which  it  yielded  in  great  plenty,  in  quick- 
filver.  This  air  made  no  cloud  with  the  mixture 
of  alkaline  air ; it  burned  exaftly  like  the  vapour 
of  ether  itfelf ; and  when  part  of  the  mixture  had 
boiled  over,  it  quickly  abforbed  the  air  that  had 
been  generated. 
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Seeing  fujfEcient  reafon  to  difapprove  of  this  pro- 
cefs,  I had  recourfe  to  the  other,  and  found  that 
when  I ufed  a very  diluted  fpirit  of  nitre,  and  but 
little  ether,  the  experiment  was  much  more  manage- 
able, and  the  air  was  produced  in  fufficient  plenty. 
This  air  was  readily  abforbed  by  watery  and  upon 
putting  alkaline  air  to  it,  a very  flight  cloud  role 
to  the  top  of  the  velTel ; but  there  was  no  fenfible 
diminution  of  the  quantity  of  air  occafioned  by  it. 
When  a candle  was  dipped  into  this  air,  it  was 
cxtinguifhed  many  times,  but  always  with  a beau- 
tiful bluifli  flame,  much  larger  than  the  natural 
flame  of  the  candle.  Towards  the  dole  of  the  ex- 
periment, the  air  in  the  infide  of  the  velTel  became 
red ; a certain  fign  of  its  being  confiderably  nitrous. 
On  repeating  this  experiment,  when  I had  procured 
the  phials  with'  the  ground.  Hoppers  and  tubes,  I 
had  the  moll  fatisfadory  proof,  that  part  of  this 
produce  of  air  was  fixed  air,  by  its  precipitating 
lime  in  lime  water;  and  that  the  remainder  was 
nitrous,  aim  oft  as  ftrong  as  any,  by  its  power  of 
diminiftiing  common  air. 

The  refult  of  the  experiment  with  nitrous-  ether 
was,  in  all  refpedls,  the  very  famic  as  that  of  this 
with  vitriolic  ether.  1 made  the  experiment,  be- 
caufe  it  might  have  been  expeded  that  there  would 
have  been  fome  difference  in  the  refult,  as  the  ni- 
trous 
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trous  ether  is  the  produce  of  fpirit  of  nitre,  with 
which  it  was  now  mixed. 

Spirit  of  nitre,  heated  with  olive  oil^  yields  the 
fame  kind  of  air  with  that  which  is  produced  from 
eflential  oils,  &c.  but  the  procefs  is  exceedingly 
troublefome,  owing  to  the  tenacity  of  the  oil ; and 
it  is  not  much  more  manageable,  when  but  a very 
little  of  the  oil  is  put  to  a large  quantity  of  the 
diluted  fpirit  of  nitre.  The  air  which  I got  in  this 
manner  precipitated  lime  in  lime  water. 

_ With  very  great  difficulty  I got,  in  a phial  with 
a ground  Hopper,  a very  fmall  quantity  of  air  from 
fpirit  of  nitre  and  talkw^  the  water  ruffiing  into 
the  veffel  after  every  guffi  of  air.  It  precipitated 
lime  in  lime  water. 

The  refult  of  the  experiment  with  hees  waXy  was 
the  very  fame  with  that  with  tallow.  Putting  a 
fmall  piece  of  bees  wax  upon  a quantity  of  pretty 
llrong  fpidt  of  nitre,  I got  air  which  made  lime 
water  turbid  j but  not  enough  to  afeertain  its  other 
properties.  This  procefs  was  equally  difficult  with 
the  preceding,  on  account  of  the  water  ruffiing  into 
the  phial  after  every  guffi  of  air. 

I had  the  curiofity  to  endeavour  to  procure  'air 
from  fome  of  the  gumsy  &:c.  by  this  procefs,  and 
found  the  refult  to  be,  in  the  main,  the  fame  with 
that  of  the  preceding  experiments. 
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Gum-araUc  eafily  diflblves  in  the  nitrous  acid; 
and  as  it  diffolves,  a great  quantity  of  air  is  pro- 
duced, making  a beautiful  appearance;  but  when 
the  acid  is  nearly  faturated,  it  becomes  vifcid,  and 
the  veflel  gets  full  of  froth.  Part  of  this  air  was 
fixed,  precipitating  lime  in  lime  water,  and  being 
readily  abforbed  by  water.  The  remainder  was 
nitrous,  almofl  as  ftrong  as  any. 

The  refult  was  the  fame  ssfiihgum  copal^  except- 
ing that  this  fubftance  did  not  fink  in  the  fpirit  of 
nitre,  as  the  gum  arabic  had  done. 

Camphor^  with  diluted  fpirit  of  nitre,  yielded  very 
ftrong  nitrous  air ; but  required  a confiderable  de- 
gree of  heat.  A good  deal  of  the  camphor,  which 
had  been  fluid,  and  had  fwum  on  the  furface  of  the 
fpirit  of  nitre,  came  over,  and  refumed  its  natural 
appearance  in  water.  I did  not  try  whether  any 
part  of  this  produce  was  fixed  air. 

I got  fome  air  by  fpirit  of  nitre  from  amber^ 
which  precipitated  lime  in  lime  water;  but  the 
quantity  was  too  fmall  to  be  examined  any  farther. 
Afterwards  I got  a larger  quantity  from  a greater 
number  of  fmall  pieces  of  amber,  heated  in  a weak 
fpirit  of  nitre,  contained  in  a phial  with  a ground 
ftopper.  About  one  third  of  this  produce  was  fixed 
air,  precipitating  lime  in  lime  water,  and  being 
readily  abforbed  by  water.  In  the  remainder  a 
candle  burned  with  an  enlarged  greenifh  flame.  It 
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alfo  diminifhcd  common  air ; fo  that  two  meafures 
of  common  air,  and  one  of  this,  occupied  the  {pace 
of  two  meafures  and  a quarter. 

N.  B.  Moft  of  the  pieces  of  amber  ufed  in  this 
experiment  were  turned  black  quite  through,  the 
reft  continuing  of  their  natural  colour. 

It  happened,  in  the  courfe  of  theft  experiments, 
that  a bit  of  Jealing  wax  got  into  the  phial,  and  I 
obftrved  air  to  iftue  from  it  very  copioufty.  Upon 
this,  I put  a piece  of  fealing  wax  into  the  phial, 
with  fpirit  of  nitre,  and  received  the  air  at  different 
times.  That  which  came  over  firft  was,  in  the 
higheft  degree,  nitrous ; but  when,  with  the  appli- 
cation of  more  heat,  I cauftd  a copious  produdtion 
of  a very  turbid  kind  of  air  (which  however,  pre- 
fently  became  tranfparent)  it  hardly  afFe<fted  com- 
mon air  at  all.  It  was  then  pretty  readily  abforb- 
ed  by  water;  and  though  at  firft  it  extinguifhed 
a candle,  yet  when  it  had  been  walked  in  water, 
a candle  burned  in  it  with  a blue  flame.  Indeed 
when  the  candle  was  extinguifhed  in  it,  it  went  out 
with  that  kind  of  blue  flame.  The  courfe  of  this 
experiment  will  be  found  to  be  analogous  to  that 
with  other  bard  JuhJiances  containing  phlogifton, 
which  I fhall  now  recite,  though  many  of  them 
were  made  before  this. 

Having' found  that  charcoal  would  diftblve  in, oil 
of  vitriol,  and  thereby  yield  a vitriolic  acid  • air,  I 
had  the  curiofity  to  try  what  would  be  the  effed 

of 
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of  an  attempt  to  difiblve  this  fubftance  in  fpirit 
of  nitre.  This  was  when  I had  made  but  little 
progrefs  in  the  preceding  experiments  with  oily 
and  gummy  fubftances,  and  I had  no  expeftation 
of  the  refult.  I began  with  taking  the  produce  in 
quickfilver,  as  I had  done  with  that  from  the  vi- 
triolic acid ; but  all  that  came  over  in  this  man- 
ner, was  the  nitrous  acid  vapour,  which,  feizing 
upon  the  quickfilver,  produced  nitrous  air. 

After  this,  I received  the  produce  in  water,  and 
found  it  to  be  genuine  nitrous  air,  almoft  as  ftrong 
as  any  that  is  produced  from  metals.  At  that 
time  I was  much  furprized  at  this  refult,  having 
imagined  that  nitrous  air  could  not  be  procured 
but  by  the  folution  of  metals  in  Ipirit  of  nitre; 
and  I confidered  this  as  another  property  in  which 
metals  and  charcoal  refemble  each  other;  befides 
thofe  which  I had  noted  before,  and  an  account  of 
which  may  be  leen  in  a paper  formerly  printed  in 
the  Philofophical  Tranfadions.  But  prefendy  after 
this  I got  nitrous  air  equally  ftrong  from  other  hard 
fubftances,  fuch  as  dry  wood  of  various  kinds,  &c. 
but  in  thefe  proceftes  the  quality  of  the  air  differs 
exceedingly,  according  to  the  degree  of  heat  applied, 
and  other  circumftances ; and  I think  the  fubjedt 
deferves  a farther  inveftigation.  To  promote  this, 
I lhall  recite  the  principal  fads  of  this  kind  that 
have  occurred  to  nay  obfervation. 
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Having  poured  about  a quarter  . of  an  ounce 
meafure  of  fnaoking  fpirit  of  nitre,  mixed  with  an 
equal  quantity  of  water,  upon  fome  pounded  char- 
coal, and  having  applied  to  it  the  flame  of  a candle, 
I colle(fl:ed  a large  jar  full  of  air,  in  all  twenty 
eight  ounce  meafures.  When  about  half  of  this 
quantity  of  air  was  produced,  it  was  impoflible  to 
apply  any  more  heat,  but  the  fpirit  of  nitre  would 
come  over ; which  it  did,  tinged  with  a deep  black. 
When  all  the  liquor  was  come  over,  flill  one  fourth 
part  of  the  air  was  produced  with  the  applicatton 
of  a ftrong  heat.  The  air  of  this  whole  produce, 
which  was  not  taken  at  different  times,  was  flrongly 
nitrous.  Two  meafures  of  common  air,  and  one 
of  this,  occupied  the  fpace  of  no  more  than  two 
meafures. 

It  was  my  feeing  this,  air  produced  in  different 
circumflances,  viz.  before  any  of  the  acid  came 
over,  and  afterwards,  that  fuggefted  to  me  the  im- 
portance of  taking  the  air  at  different  times,  ac- 
cording to  the  changt*  of  circumflances  in  the  pro- 
du6lion  of  it;  a hint  which  1 purfued  to  very  great 
advantage  afterwards,  as  the  reader  has  already 
feen,  and  will  fee  farther,  in  the  courfe  of  my  ex- 
periments. 

Repeating  the  experiment  with  this  view,  I ex- 
amined the  firfl  produce  of  air,  which  came  over 
while  the  heat  was  very  moderate,  and  found  it  to 
VoL.  Ill,  G be 


OBSERVATIONS  ON 


Part  L 


be  very  flrong  nitrous  air,  aimoft  as  ftrong  as  that 
which  is  procured  from  metals.  Towards  the  laft 
I increafed  the  heat,  and  by  that  means  produced 
a very  turbid  air,  of  which  I colledbed  a prodigious 
quantity.  Sometimes,  however,  the  air  would  be 
quite  tranfparent,  and  then  turbid  again,  feveral 
times.  I endeavoured  to  take  the  turbid  air  and 
the  tranfparent  feparately,  and  I fucceeded  pretty 
well ; but  I found  them  both  to  be  of  the  fame 
quality,  extinguifhing  a candle,  and  diminifliing 
common  air  but  very  little ; two  meafures  of  com- 
mon air,  and  one  of  this,  occupying  the  fpace  of 
little  lefs  than  three  meafures. 

At  this  time  I made  ufe  of  the  phials  reprefented 
fig.  ay  PI.  I.  with  common  corks ; and  obferving 
that  the  corks  were  always  much  corroded  in  thefe 
experiments,  I thought  it  would  be  proper  to  afcer- 
tain  the  effedt  of  the  fpirit  of'  nitre  on  the  corky  in 
order  to  make  proper  allowance  for  this  circum- 
flance  in  future  ei^periments.  I therefore  poured  a 
quantity  of  fpirit  of  nitre  on  fome  pieces  of  cork, 
and  treating  it  in  the  manner  above-mentioned,  I 
found  the  produce  of  air  to  correfpond  very  exadlly 
with  that  which  I had  got  from  the  charcoal.  With 
a moderate  degree  of  heat  the  air  was  flrongly 
nitrous ; and  with  a great  heat  the  air  was  turbid, 
and  much  lefs  nitrous.  I was  not  a little  furprized 
to  find  that  nitrous  air  was  produced  from  cork,  as 
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it  intirely  overturned  my  fyftem  of  the  production 
of  this  air,  depending  upon  that  property  of  the 
charcoal  by  which  it  refembles  metals.  However, 

I prefently  found,  that  genuine  nitrous  air  was  pro- 
duced from  a variety  of  other  hard  Juhftances ; for 
at  that  time  I had  not  difcovered  that  it  was  pro- 
duced from  any  liquid  ones.  The  correfpondence. 
of  an  experiment  which  I made  with  old  dry  oak 
with  that  which  I made  with  charcoal  is  ftriking 
enough;  and  one  of  them  may  a little  iliuftrate 
the  other. 

I put  about  half  an  ounce  meafure  of  the  rafp- 
ings  of  old  dry  oak  into  one  of  the  phials  above- 
mentioned,  fig.  ay  and  poured  upon  them  as  much 
fpirit  of  nitre,  half  diluted  with  water,  as  made 
them  thoroughly  moift.  Air  was  inftantly  pro- 
duced, without  the  application  of  any  heat.  This 
air  I received,  together  with  a little  that  was  pro- 
duced by  holding  the  flame  of  a candle,  at  the 
diitance  of  about  a quarter  of  an  inch,  from  the 
fide  of  the  phial.  I then  placed  the  candle  nearer, 
and  received  the  air  at  five  different  times;  the 
lafl;  but  one  being  produced  when  the  flame  touch- 
ed the  fide  of  the  phial,  and  the  lafl,  when  it  was 
placed  clofe  under  it,  and  after  all  the  moiflure 
feemed  to  be  expelled  from  the  phial.  The  firfl 
produce  was  of  the  nature  of  nitrous  air,  the  two 
next  much  more  fo,  almoft  as  ftrong  as  any ; but, 
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the  two  laft  were  hardly  nitrous  at  all.  A candle 
went  out  in  this  air,  burning  with  a bluifli  flame, 
as  if  it  had  been  in  part  a mixture  of  inflammable, 
nitrous,  and  fixed  air.  That  part  of  this  produce 
was  fixed  air,  was  evident,  by  its  being  readily  ab- 
forbed  by  water  > but  I did  not  apply  to  it  the  teft: 
of  lime  water. 

. Seeing  this  aftonifhing  diflerence  in  the  produce 
of  air  by  fpirit  of  nitre  from  different  fubftances, 
and  even  from  the  fame  fubfliance  in  different  cir- 
Gumflances,  I thought  that  it  might  be  poffible, 
by  this  mean?,  to  diftinguifh  thofe  fubflances  that 
are  nutritious  from  thofe  that  are  not ; and,  in  my 
imagination,  I had  thought  it  polfible  to  afcertain 
the  quantity  of  nutriment  that  different  fubftances 
would  yield  by  the  quality  and  quantity  of  the  air 
produced  from  them ; but  the  experiments  by  no 
means  anfwered  fuch  fond  expedlations.  I found, 
however,  what  I did  not  expedb,  viz.  a moft  re- 
markable difference  between  the  air  produced  from 
animal  fubftances  of  feveral  kinds,  and  from  veget-- 
ahles : for,  in  general,  the  former  had  little  of  the 
nitrous  property  ; but  the  latter,  though  nutritious, 
yielded  the  fame  kind  of  air  with  that  which  I had 
got  from  wood  or  charcoal.  The  fadls  furprized 
me  very  much,  and  I can  give  the  reader  no  clue 
to  lead  him  through  the  labyrintli. 
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The  vegetable  fubftances  which  I tried  were 
wheat  flour ^ barley y and  malty  all  of  which  yielded 
nitrous  air  in  the  firft  part  of  the  produce,  and  air 
of  the  fame  quality  with  the  laft  produce  from  char- 
coal, if  the  procefs  was  continued  a long  time,  and 
with  a ftrong  heat.  I had  once  fufpefted  that  the 
nitrous  quality  might  have  come  from  the  cork 
with  which  the  phial  was  clofed ; but  I was  fatif- 
fied  that  it  came  from  the  fubftance  within  the 
phial,  when,  inftead  of  a phial  clofed  with  a cork 
as  before,  I ufed  one  of  thofe  reprefented  fig.  by 
which  I have  obferved  to  have  been  contrived  by 
Mr.  Vaughan.  Having  put  the  barley  and  fpirit 
of  nitre  into  this  vefiTel,  I heated  it  in  a vefTel  full 
of  water,  placed  on  the  fire,  covering  the  phial  with 
a glafs  jar  filled  with  water,  in  order  to  receive  the 
air.  The  air  procured  in  this  manner  was  flili 
llrongly  nitrous,  though  it  could  come  from  nothing 
but  the  fpirit  of  nitre  and  barley. 

As  I attended  to  a few  collateral  circumflances 
in  the  experiment  with  the  malty  it  m.ay  be  worth 
while  to  recite  the  particulars.  Having  juft  cover- 
ed one  pennyweight  of  malt  with  diluted  fpirit  of 
nitre,  I made  it  boil,  and  procured  from  it  two 
jars  full  of  air,  each  containing  near  thirty  ounce 
meafures,  and  I might  have  colleded  more.  That 
which  came  firft,  and  which  was  tranfparent,  di- 
minilhed  common  air  almoft  as  much  as  the  ftrong- 
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eft  nitrous  air.  The  air  which  came  laft,  and 
which  was  turbid,  hardly  diminifhed  common  air 
at  all,  and  it  was  readily  abforbed  by  water. 
Before  it  was  agitated  in  water,  it  extinguilhed 
a candle  5 but  afterwards,  when  it  was  reduced 
to  about  one  fourth  of  its  original  quantity,  a can- 
dle burned  in  it  with  a lambent  blue  flame. 

N.  B.  Towards  the  clofe  of  this  procefs,  part 
of  the  contents  of  the  phial  were  reduced  to  a 
coal. 


SECTION  VIII. 

Of  Air  'procured  hy  the  Solution  of  Animal  Suhftances 
in  Spirit  of  Nitre. 

IProfefs  not  to  be  able  to  aflign  any  reafon  for 
the  difference  in  the  produce  of  air  from  animal 
and  vegetable  fubftances;  but  the  experiments,  of 
which  an  account  will  be  given  in  this  fedtion, 
compared- with  thofe  recited  in  the  laft,  will  prove, 
that,  in  general,  there  is  a very  confiderable  one. 

It  has  been  feen  that  vegetable  fubftances,  dif- 
folved  in  fpirit  of  nitre,  befides  fixed  air,  yield 
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nitrous  air,  and  frequently  as  ftrong  as  that  which 
is  procured  by  the  folution  of  metals  in  the  fame 
acid ; and  this  is  the  cafe  whether  the  fpirit  of  ni- 
tre be  much  concentrated,  or  much  diluted.  On 
the  contrary,  animal  fubftances,  in  general,  treated 
in  the  fame  manner,  yield  about  the  fame  propor- 
tion of  fixed  air ; but  the  refiduum  is  either  not  at 
all,  or  in  ^ very  flight  degree,  nitrous  (except  in 
fome  cafes  where  the  fpirit  of  nitre  is  very  flrong) 
but  is  a kind  of  air  which,  neither  affe61:ing  com- 
mon air,  nor  being  afFe6led  by  nitrous  air,  but 
fimply  extinguifhing  a candle,  may  be  termed  phlo- 
gifticated  air.  Towards  the.  end  of  a procefs,  in- 
deed, when,  by  means  of  a ftrong  heat,  the  produce 
of  air  is  very  rapid,  and  the  air  full  of  clouds,  it 
is,  like  air  produced  from  vegetable  fubftances  in 
the  fame  circumftances,  ftightiy  inflammable,  burn- 
ing with  a lambent,  greenifh,  or  bluifli  flame. 

As  there  is  a confiderable  variety  in  the  refult 
of  thefe  procefTes,  arifing  from  feveral  circumftances, 
the  influence  of  which  may  not  be  apprehended, 
I have  been  careful  to  note  every  thing  relating  to 
them,  that  appeared  to  me  at  the  time  to  be  of 
any  importance.  But,  notwithftanding  this,  it  is 
very  pofTible  I may  have  made  omilTions,  of  the 
effed  of  which  I was  not  apprized  j and  therefore 
thofe  who  fhall  endeavour  to  repeat  the  experiments 
^fter  me  may  not  find  precifely  the  fame  refults 

Q 4 that 


88 


OBSERVATIONS  ON 


Part  /, 


that  I have  reported.  This  will  often  be  the  cafe 
in  experimental  inquiries  fo  new  as  thefe  5 and  as 
no  human  care  has  yet  been  fufEcient  to  prevent 
this  inconvenience,  it  is  the  part  of  human  candour 
to  make  proper  allowance  for  it. 

I cannot  help  flattering  myfelf,  however,  that 
thefe  experiments,  properly  purfued,  may  be  a 
means  of  throv/ing  light  upon  the  two  great  natural 
proceiTes  of  vegetation  and  animalization  \ as  they 
exhibit  a new  and  ftriking  difference  between  fub- 
flances  formed  by  them.  On  this  account  I would 
willingly  recommend  them  to  the  particular  atten- 
tion of  chemifts  and  phyficians.  The  experiments 
themfelves,  nearly  in  the  order  in  which  they  were  ^ 
made,  are  as  follows. 

I put  equal  quantities  of  fpirit  of  nitre  and  wa- 
ter upon  fome  pieces  of  heef^  dried  till  they  were  . 
perfectly  hard,  but  without  being  burned,  and  took 
the  firfl;  produce  of  the  air,  which  was  generated 
without  the  application  of  heat,  and  was  very  con- 
fiderable;  and  afterwards  that  which  came  over 
when  the  flame  of  a candle  was  placed  within  about 
a quarter  of  an  inch  from  the  phial  \ but  neither 
of  them  fenfibly  affefted  common  air.  They  were 
both  pretty  readily  abforbed  by  water,  and  extin- 
guiflied  a candle.  I had  expedled  that  this  air, 
like  that  from  dry  wood,  would  have  been  nitrous 
air. 
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This  experiment  being  made  with  the  flefhy 
part  of  a mujcky  I next  took  a tendon  from  a neck 
of  veal,  imagining,  from  its  firmer  texture,  that 
the  air  produced  from  it  might  approach  nearer  to 
that  from  wood  3 but  the  air  that  came  from  it 
neither  diminifhed  common  air,  nor  was  diminifh- 
ed  by  nitrous  air,  nor  was  it  readily  abforbed  by 
water,  and  a candle  went  out  in  it.  It  feemed, 
upon  the  whole,  to  be  much  the  fame  thing  with 
phlogifticated  air. 

I thought  there  might  be  fome  difference  in  this 
refpedf,  between  air  produced  from  the  white y and 
from  the  brown  flelh  of  animals  3 but  I made  the 
experiment  with  the  breafl  and  leg  of  a turkey ^ 
without  finding  any.  That  which  was  produced 
from  thefe  fubflances  exadfly  refembled  the  air 
that  I had  got  from  the  tendon  of  a calf  3 except 
that  it  was  more  readily  imbibed  by  water.  I agi- 
tated a quantity  of  it  in  water  five  minutes,  when 
one  fourth  of  it  was  abforbed,  but  the  remainder 
ftill  extinguiflied  a candle,  and  did  not  differ  from 
what  it  was  before,  except  that  it  was  now  dimi- 
nifhed by  nitrous  air,  like  all  other  kinds  of  air 
agitated  in  water.  When  all  the  fiefh  was  dif- 
foived,  air  was  ftill  produced  in  great  plenty,  upon 
the  application  of  the  flame  of  a candle.  The 
air  produced  in  this  manner  was  very  turbid  at 
firft  3 but  the  quality  of  it  was  not  fenflbly  different 
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from  that  which  came  firfl,  and  which  was  tranf- 
parent. 

I repeated  this  experiment  with  the  fame  event, 
obferving  that  the  turbidnefs  of  the  air  depended 
upon  the  degree  of  heat  with  which  it  was  produced  ; 
for,  after  producing  a large  quantity  of  turbid  air, 
I leflened  the  heat,  and  prefentiy  the  air  was  tranf- 
parent  as  at  firft,  and  op  increafing  the  he^t,  the 
air  was  turbid  again. 

Having  found  no  air  of  the  nitrous  kind  from 
the  flelh  of  an  animal  of  the  quadruped  fpecies,  or  of 
a fowl,  I was  willing  to  try  what  would  be  the  pro- 
duce from  the  flefh  of  fjhesy  injedlsy  and  exangulous 
animals. 

From  the  flelh  of  Jalmofiy  made  thoroughly  dry*, 
and  then  dilTolved  in  fpirit  of  nitre,  I got  a great 
quantity  of  air,  at  firfl:  without  heat,  till  the  whole 
was  nearly  diflfolved ; when  about  a quarter  of  an 
ounce  meafuie  of  this  folution  llill  yielded  more 
than  a quart  of  air.  At  the  lafl:  this  liquor,  which 
had  been  pretty  clear,  became  fuddenly  opake ; and 
in  this  flate  it  yielded  air  the  mofl:  plentifully,  and 
continued  to  do  fo  till,  all  the  moilture  being  eva- 
porated, it  became  a dry  coal.  While  it  continued 
clear,  a Urong  heat,  occafioned  by  applying  the 
flame  of  a candle  clofe  to  the  phial,  would  imme- 
diately make  the  air  turbid,  efpecially  toward  the 
end  of  the  procefs,  juft  before  the  liquor  became 
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opake.  At  this  time,  however,  the  air  In  the  infide 
of  the  phial  had  nothing  of  that  appearance,  no- 
thing being  feen  in  it  but  the  red  fumes  of  the  fpirit 
of  nitre  ; but  when  the  liquor  became  opake,  it  was. 
filled  with  very  denfe  white  fumes. 

The  air,  in  all  the  ftagesof  this  experiment,  was 
in  part  fixed,  precipitating  lime  in  lime  water.  In 
the  middle  of  the  procefs  the  refiduum  v/as  nitrous ; 
but  only  in  a flight  degree.  Towards  the  conclu- 
fion  it  had  no  fenfible  effedt  on  common  air ; and 
at  laft  it  burned  with  a blue  lam.bent  flame,  which 
continued  a confiderable  time  after  I had  with- 
drawn the  candle  by  which  it  had  been  fet  on  fire* 
In  the  air  that  came  juft  before  the  laft,  a candle 
barely  went  out,  furrounded  by  a flight  flame  of 
that  colour. 

Repeating  the  experiment,  I found  nothing  ni- 
trous, either  in  the  firft  produce  of  air,  before  the 
flefh  was  diflblved,  or  afterwards  i and  at  this  time 
I was  particularly  careful  not  to  ufe  any  of  the  flefh 
that  was  turned  black,  or  very  brown,  in  drying  ; 
having  fome  fufpicion  that  the  nitrous  property  of 
the  air  in  the  preceding  experiment  came  from 
fuch  parts  of  the  flefh,  being  then  a kind  of  char- 
coal. 

The  flefh  of  falmon  having  a peculiar  colour  and 
flavour,  I thought  it  would  not  be  amifs  to  repeat 
the  experiment  with  fome  other  kind  of  fifh,  the 
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flefh  of  which  was  white  and  taftelefs.  I therefore 
took  the  flejh  ofperch,  and  dilTolving  it  in  fpirit  of 
nitre,  I procured  a large  quantity  of  air,  no  part  of 
which  was  nitrous ; but  a confiderable  part  of  it  was 
fixed,  precipitating  lime  in  lime  water.  The  great- 
eft  part  of  this  air  was  produced  after  all  the  flefh 
was  diflblved  ; and  at  the  laft,  when  I increafed  the 
heat,  the  air  was  turbid ; but  it  did  not  fenflbly  differ 
from  that  which  was  produced  at  firft,  except  that  a 
candle  went  out  in  it  with  the  flame  flightly  tinged 
with  green. 

A large  worm,  treated  in  the  fame  manner,  yield- 
ed air  that  was  in  part  fixed,  making  lime  water 
turbid.  The  refiduum  extinguilhed  a candle,  and 
was,  in  a fmall  degree,  nitrous ; owing,  perhaps, 
to  fomething  on  its  ftom^ch  ; for  I had  only  prefled 
out  the  contents  with  my  finger. 

Air  produced  from  a number  of  wafps,  dilTolved 
in  fpirit  of  nitre,  was  partly  fixed,  and  the  refiduum 
fo  far  nitrous,  that  two  meafures  of  common  air, 
and  one  of  this,  occupied  the  fpace  of  two  meafures 
and  a half.  When  the  flame  of  a candle  was  dipped 
into  it,  it  burned  with  a greenifh  lambent  flame. 

I had  next  the  curiofity  to  try  what  kind  of  air 
might  be  procured  from  the  infenfible  excrefcences  of 
animal  bodies,  as  horn,  hair,  feathers,  &c.  which  are 
protruded  from  the  body,  and  feem,  at  firft  fight, 
to  be  in  a kind  of  intermediate  ftate  between  vege- 
table 
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table  and  animal  fubftances  ; but  they  appeared  to 
be  more  of  an  animal  than  of  a vegetable  nature, 
i.  e.  judging  by  the  air  which  I had  hitherto  found 
thofe  fubftances  to  give. 

With  fpirit  of  nitre  and  hair  I got  a quantity  of 
air,  part  of  which  was  fixed,  precipitating  lime  in 
lime  water,  and  the  remainder,  not  abforbed  by 
water,  which  was  about  two  thirds  of  the  whole, 
was  in  a fmall  degree  nitrous. 

From  a crow-quill  I got  air  of  the  fame  quality 
with  that  from  the  hair  in  the  preceding  experiment. 
This  quill  was  black  ; and  thinking  it  poftible  (as 
the  hair  I had  made  ufe  of  was  alfo  in  part  black) 
that  the  nitrous  property  of  the  air  might  come  from 
the  phlogifton  which  produced  that  colour,  I re- 
peated the  experiment  with  a wbiu  feather  ; but  the 
refult  was  the  fame  ; or,  rather,  the  air  in  this  cafe, 
was  more  nitrous  than  in  the  former.  Two  mea- 
fures  of  common  air,  and  one  of  this,  occupied  the 
Ipace  of  two  meafures  and  a half.  Had  I ufed  a 
much  diluted  fpirit  of  nitre,  it  will  appear  probable, 
from  the  experiments  recited  at  the  clofe  of  this 
fe(3ion,  that  the  produce  would  have  been  lefs  ni- 
trous. 

Air  was  eafily  procured  by  diflblving  horn  in  fpirit 
of  nitre.  Part  of  it  was  fixed  air,  precipitating 
lime  in  lime  water  ; but  a very  great  proportion  of 
it  was  not  abforbed  by  water.  In  this  refiduum 
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there  was  nothing  fenfibly  nitrous.  That  which 
came  firft  extinguifhed  a'  candle,  without  any  parti- 
cular appearance ; but  in  that  which  came  laft,  it 
burned  with  a beautiful  blue  lambent  flame. 

I had  thought  that,  polTibly,  the  inftde  of  an  oyjier- 
Jhelly  or  mother  of  pearl,  might,  together  with  fixed 
air,  yield  a quantity  of  fuch  phlogifticated  air  as  had 
been  produced  in  the  preceding  experiments ; but 
when  they  were  diflfolved  in  fpirit  of  nitre,  they  each 
of  them  gave  very  pure  fixed  air,  without  any  great- 
er refiduum  than  is  found  in  the  folution  of  chalk  in 
oil  of  vitriol. 

Pieces  of  ivory  difiblved  in  a very  beautiful  man- 
ner, in  hot  fpirit  of  nitre,  and  yielded  a great  quan- 
tity of  air,  which,  in  every  ilage  of  the  procefs,  pre- 
cipitated lime  in  lime  water.  The  refiduum  was 
not  nitrous,  and  extinguifhed  a candle,  without  any 
particular  colour  of  the  flame. 

To  try  the  difference  between  the  fame  fubflance, 
in  a natural  ftate,  and  after  it  was  reduced  to  a coal 
by  fire,  I difiblved  fome  charcoal  of  ivory  in  fpirit  of 
nitre,  and  found  that  it  yielded  plenty  of  air,  the 
greatefl;  part  of  which  was  fixed,  and  the  refiduum 
was  confiderably  nitrous.  When  the  air  was  pro- 
duced very  fall,  the  infide  of  the  phial  was  filled 
with  a white  fume.  This  ivory  had  been  kept  in  a 
red  heat,  covered  with  fand,  about  an  hour» 
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Eggs  do  not  rank  with  the  fubftances  above  naen- 
tioned;  but  being  the  produce  of  an  animal^  and 
yet  no  proper  part  of  one,  I fhall  recite  the  experi-  ' 
merits  I made  upon  them  in  this  place.  Both  the 
white  and  yolk  of  an  egg,  which  I tried  feparate- 
Jy,  yielded  a confiderable  quantity  of  air,  when  dif- 
folved  in  fpirit  of  nitre,  and  the  difference  between 
them  was  not  fenfible.  In  both  cafes  part  of  the 
air  was  fixed,  precipitating  lime  in  lime  water,  and 
the  refiduum  was  fo  far  nitrous,  that  two  meafurcs 
of  common  air  and  one  of  this,  occupied  the  fpace 
of  two  meafurcs  and  a half. 

It  occurred  to  me,  that,  poffibly,  other  parts  of 
the  animal,  and  the  different  animal Jecretions^  might 
yield  a different  kind  of  air  from  that  which  the 
mufcles  had  yielded ; and  from  the  little  that  I have 
done  in  this  way,  I cannot  help  thinking,  that  the 
experiments  deferve  to  be  profecuted  farther. 

From  the  crajfamentum  of  bloody  with  fpirit  of  ni- 
tre, I got  great  plenty  of  air,  part  of  which  was 
fixed,  but  no  part  nitrous.  At  lafl  the  air  was  tur- 
bid j and,  as  it  is  ufual  in  this  cafe,  a greater  pro- 
portion of  it  was  fixed  air.  Towards  the  lafl  alfo, 
when  the  blood  was  completely  diffolved,  the  ^ir 
was  produced  irregularly  ^ for  after  an  interval  of 
about  a quarter  of  a minute,  there  would  be  a hid- 
den gufh  of  about  a quarter  of  an  ounce  meafiire  of 

air  5 
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air ; but  between  thefe  intervals  the  produce  was 
equable. 

Spirit  of  nitre  put  to  the  Jerum  of  bloody  immedi- 
ately turns  it  into  a white  coagulum.  This  yielded 
lefs  air  than  moil  other  fubftances,  treated  in  the 
fame  manner.  Part  of  it  was  fixed  air,  precipitating 
lime  in  lime  water,  and  the  refiduum  was  not  nitrous^ 
and  extinguifhed  a candle  without  any  particular  ap- 
pearance. 

Milk  was  alfo  immediately  coagulated  by  a mix- 
ture of  ftrong  fpirit  of  nitre,  and  yielded  air,  one 
third  of  which  was  fixed,  precipitating  lime  in  lime 
water ; and  the  remainder  was  fo  far  nitrous,  that 
two  meafures  of  common  air,  and  one  of  this, 
occupied  the  fpace  of  two  meafures  and  a quarter. 

From  cheefcy  which  was  pretty  old,  I got  air,  a 
great  part  of  which  was  fixed,  and  the  remainder 
confiderably  nitrous. 

Mutton-gravy^  with  firong  fpirit  of  nitre,  gave  but 
little  air,  perhaps  twenty  times  as  much  as  its  bulk. 
It  was  in  part  fixed,  and  the  refiduum  not  fenfibly 
nitrous. 

It  has  been  feen,  in  a preceding  fe(fi:ion,  that  all 
oily  matters^  of  a vegetable  nature,  yield  nitrous  air 
in  very  great  plenty,  and  that  the  produce  is  exceed- 
ly  rapid  ; fo  that  many  precautions  are  neceflary  in 
conducing  the  experiments.  On  this  account  I 
y ' began 
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began  to  ufe  the  fame  in  my  attempts  to  get  air 
from  Hog'S'lardy  but  found  them  to  be  altogether 
unneceffary ; for  this  fubftance  is  but  little  afFeded 
by  very  ftrong  and  hot  fpirit  of  nitre,  on  the  fur- 
face  of  which  it  continues  fluid,  and  yields  but  little 
air,  perhaps  four  times  its  bulk.  Part  of  this  was 
fixed  air,  precipitating  lime  in  lime  water,  and  the 
remainder  was  fo  far  nitrous,  that  two  meafures  of 
common  air,  and  one  of  this,  occupied  the  fpace  of 
lefs  than  two  meafures : that  is,  it  was  almofl:  as 
flrongly  nitrous  as  that  which  is  produced  from 
metals. 

It  is  fomething  remarkable,  that,  of  all  animal 
fubftances  on  which  I have  made  the  experiment, 
that  part  which  feems  to  be  the  mofl:  remote  from  a 
vegetable  nature,  and  is  peculiar  to  animals,  Ihould 
approach  the  nearefl:  to  the  .nature  of  a vegetable 
-in  the  air  which  it  yields  when  diflfolved  in  fpirit 
of  nitre.  This  is  the  medullary  Juhfiance  of  the 
brain. 

From  part  of  the  brain  of  a Jheepy  diflfolved  in 
ftrong  fpirit  of  nitre,  I got  a quantity  of  air,  about 
half  of  which  was  fixed  air,  precipitating  lime  in 
lime  water,  and  the  remainder  was  fo  far  nitrous, 
that  two  meafures  of  common  air,  and  one  of  this, 
occupied  the  Ipace  of  two  meafures  and  a quarter. 
When  it  was  completely  diflfolved,  and  by  a llrong 
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heat,  the  air  came  over  very  turbich  and  a candle 
burned  in  it  with  a lambent  greenifh  flame. 

I repeated  the  experiment  with  part  of  the  fame 
brain  that  was  boiled^  and  with  the  fame  refult ; ex- 
cept that  I did  not  continue  the  procefs  fo  long.- 
The  refiduum  of  this  air,  when  the  fixed  air  was 
wafhed  out  of  it,  was  fo  much  nitrous,  that  two 
meafures  of  common  air,  and  one  of  this,  occu- 
pied the  fpace  of  two  meafures  and  one  fifth.  This 
I tried  with  the  laft  of  the  three  portions  of  air  that 
I took.  The  firfl:  and  fecond  were  not  fo  highly 
nitrous ; and  yet  I am  confident  that  all  the  three 
portions  were  wholly  the  produce  of  the  folution, 
both  the  phial  and  the  tube  being  filled  with  bub- 
bles^ in  the  form  of  froth,,  before  I took . any  air 
at  all. 

After  I had  made  thefe  experiments,  it  occurred 
to  me,  that  poflTibly,'  this  difference  in  the  produce 
of  air  from  vegetable  and  animal  fubftances  might 
arife  from  fome  difference  in  the  fpirit  of  nitre.  But 
though  I found  that,  in  confequence  of  the  acid  be- 
ing more  concentrated,  or  more  diluted  with  wa- 
ter, a real  difference  was  occafioned  in  the  air, 
ftill  very  much  depended  upon  the  fubftances 
themfelves,  as  will  appear  from  the  following  ex- 
perimentSi 


A piece 
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A piece  of  boiled  muttony  difTolved  in  very  ftrong 
ipirit  of  nitre,  yielded  air,  which  was  partly  fixed^ 
with  the  refiduum  fo  far  nitrous,  that  two  meafures 
of  common  air,  and  orie  of  this,  occupied  the  Ipace 
of  two  meafures  and  one  third.  DilTolving  a quan- 
tity of  the  fame  miitton,  in  the  fame  fpirit  of  nitre, 
diluted  with  an  equal  quantity  of  diftilled  water,  I 
procured  air,  Which  Was  not  Half  fo  much  nitrous 
as  that  in  the  preceding  experiment.  With  the 
fame  refult  I alfo  made  this  experiment  with  the 
white  of  an  egg,  which  gave  air  much  lefs  nitrous 
when  dilfolved  in  a diluted  fpirit  of  nitre,  than  in. 
the  former  cafe^ 


In  order  farther  to  fatisfy  myfelf,  whether  th6 
refult  would  not  be  the  fame  with  vegetable  fub- 
(lances  alfo,  I took  fome  pieces  of  very  dry  old  oaky 
and  difTolved  them  in  exceedingly  weak  fpirit  of 
nitre.  I alfo  caufed  the  air,  by  means  of  heat,  to 
be  produced  very  rapidly;  in  which  cafe  the  air 
is  generally  lefs  nitrous,  at  leafl  toward  the  clofd 
of  an  experiment,  as  the  reader  will  have  ob- 
ferved : / but  when  the  fixed  air  v/as  wafhed  out 
of  it,  the  refiduum  was  alnnofl  as  flrongly  nitrous 
as  any  air  that  is  produced  by  the  folution  of 
rnetals. 


Ox  gall  dried  diffolves  in  the  nitrous  acid  with  as 
much  rapidity  as  vegetable  aftringerit  fubflances, 

H 2 and 
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and  yields  great  plenty  of  nitrous  air  ; whereas  ani- 
mal fubftances  in  general  yield  only  phlogifticated 
air,  with  a mixture  of  lambently  inflammable  air, 
by  the  fame  treatment.  Now  it  is  remarkable  that 
the  gall  is  fecreted  from  the  venal  Moody  which,  ac- 
cording to  my  theory  of  the  ufe  of  the  blood  in  re- 
fpiration,  is  then  loaded  with  phlogifton  ; while 
other  fecretions  are  made  from  the  arterial  Moody 
which  has  difeharged  its  furplus  of  phlogifton. 


SECTION  IX. 

Of  the  dephlogijikated  Nitrous  Vapour. 

IN  my  early  publications,  I fa  id  I had  no  doubt 
but  that  the  nitrous  acid  might  be  exhibited  in 
the  form  of  air,  and  that  experiments  might  be 
made  upon  it  with  a great  profpeeft  of  making  con- 
fide rable  difeoveries,  provided  that  any  fluid  lub- 
ftance  could  be  found  capable  of  confining  it.  I 
have  flnee  made  feveral  attempts  to  diveft  this -acid 
of  the  water  with  which  it  is  generally  combined  ; 

but 
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but  though  I have  been  favoured  by  fome  unexpe6l- 
ed  circumftances,  I have  been  far  from  fucceeding 
to  my  wifh. 

That  this  acid  is  capable  of  exifting  in  this  dry 
form,  I prefently  fatisfied  myfelf  by  an  attempt  to 
expel  air  from  it,  by  the  fame  procefs  by  which  I 
had  before  expelled  the  marine  acid  air,  from  fpirit 
of  fait ; viz.  by  heating  the  fluid  in  a phial,  and  re- 
ceiving the  air  in  quickfilver.  For  though  the  acid 
vapour  very  foon  united  with  the  quickfilver,  yet 
the  jar  in  which  it  was  received  being  narrow,  the 
faline  cruft,  which  was  formed  on  the  furface  of  the 
quickfilver,  impeded  the  adlion  of  the  acid  upon  it, 
till  I had  an  opportunity  of  admitting  water  to  the 
air  that  I had  produced,  and  of  fatisfying  myfelf, 
by  its  abforption,  of  its  being  a real  acid  air^  hav- 
ing an  affinity  with  water,  fimilar  to  other  acid 
airs. 

In  the  firft  experiment  that  I made  of  this  kind, 
the  rednefs  of  the  air  did  not  appear  immediately  ; 
but  after  fome  time,  when  it  might  be  prefumed 
that  the  nitrous  vapour  had  produced  nitrous  air,  by 
a folution  of  the  quickfilver ; and  the  rednefs,  I fup- 
pofe,  to  have  been  the  effect  of  the  mixture  of  this 
newly-generated  nitrous  air,  with  that  portion  of 
common  air,  which  had  been  contained  in  the  up- 
per part  of  the  phial,  and  which  had  been  expelled 
by  the  acid  vapour.  I did  not  admit  water  to  this 
' H 3 air 
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air  till  after  an  hour  ; and  even  then  it  was  fenfibly 
diminifhed,  fome  of  the  acid  air  not  having  been 
feized  by  the  quickfilvcr.  The  laft  tinae  that  I 
made  this  experiment,  in  which  I produced  about 
two  ounce  meafures  of  air,  I admitted  water  to  it 
as  quickly  as  I could,  and  then  one  third  of  the 
whole  was  imbibed  by  it. 

In  my  account  of  the  procefs  to  procure  dephlo- 
gifticated  air  from  calcined  flint,  and  alfo  from  talck, 
I have  obferved  that  between  the  produce  of  the 
phlogifliicated  and  dephlogifticated  air,  there  is  a 
confiderable  interval,  in  which  nothing  comes  over 
but  the  pure  vapur  of  the  acidy  which  is  inltantly  and 
wholly  imbibed  by  water.  This  circumflance  gave 
me  a fine  and  unexpeded  opportunity  of  making 
fome  experiments  upon  this  vapour.  For  the  ori- 
fice of  the  tube  through  which  it  was  tranfmitted 
being  plunged  in  water,  and  bending  confiderably 
upwards,  I could  eafily  put  over  it  phials  filled  with 
any  kind  of  air  that  could  bear  to  be  confined  by 
water ; and  the  end  of  the  tube  rifing  a confiderable 
way  within  the  phial,  the  vapour  muft  neceflarily 
come  into  irpniediate  coutaft  with  the  air  contained 
in  it. 

The  fifift  experiment  that  I made  upon  this  va- 
pour, in  thefe  circumflances,  was  with  nitrous  air ; 
and  it  appeared  to  have  the  fame  effe6i:  upon  it  that 
had  been  produced  by  liver  of  fulphur,  viz.  dimi- 
' njlhing 
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nifhing  it  till  it  was  no  more  capable  of  afFeding 
common  air  ; and  the  operation  was  exceedingly 
quick.  Indeed  the  whole  progrefs  of  this  experi- 
ment is  not  a little  remarkable.  The  moment  that 
the  phial  of  nitrous  air  was  expofed  to  this  vapour, 
it  became  white,  then  tranfparent,  then  red  ; and, 
laftly,  tranfparent  again.  I took  one  quantity  of 
this  air,  when  the  whitenefs  had  juft  gone  off* ; and 
found  that  it  was  but  little  different  from  pure  ni- 
trous air,  diminifning  common  air  almoft  as  much. 
Taking  another  phial  when  it  was  quite  red,  one 
third  of  the  quantity  had  difappeared,  and  its  power 
of  diminiffiing  common  air  was  about  one  half  of 
what  it  had  been.  I then  let  another  phial  remain 
expofed  to  this  vapour,  till  I perceived  that  the  di- 
minution would  go  no  farther  j when  only  one  twen- 
tieth of  the  original  quantity  remained,  and  this  did 
not  affed  common  air  at  all. 

When  this  procefs  is  quick,  that  is,  when  the  ni- 
trous vapour  comes  very  faft,  the  whitenefs  preced- 
ing the  rednefs,  on  mixing  the  nitrous  vapour  with 
the  nitrous  air,  can  hardly  be  perceived,  and  the 
veffel  containing  the  air  becomes  exceedingly  hot, 
as  well  as  the  tube  through  which  it  is  tranfmitted. 
I obferved  that  the  veffel  containing  nitrous  air  con- 
tinued exceedingly  red  for  about  a minute,  without 
any  vifible  change  of  dimenfions  in  the  air  j after 
^hich  it  was  fuddenly  diminiflied  to  about  one 
H 4 fourth 
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fourth  of  its  original  quantity,  which  refembles  the 
procefs  of  the  effervefcence  of  iron  filings  and  ful- 
phur. 

I expofed  to  this  nitrous  acid  vapour,  common  airy 
inflammable  air^  and  fixed  aivy  and  all  of  them  for  a 
confiderable  time,  without  making  the  leaft  fenfible 
alteration  in  any  of  them.  It  is  pofTible  that  a lon- 
ger continuance  of  the  procefs  might  have  afFeded 
' them  but  a great  deal  lefs  time  was  abundantly 
fufficient  for  this  acid  vapour  to  produce  its  utmoft 
efFed  upon  nitrous  air.  It  fhould  feem,  therefore, 
that  though  this  acid  vapour  contained  phlogifton 
enough  to  phlogifticate,  prefendy  and  completely,  a 
quantity  of  nitrous  air,  it  does  not  contain  enough 
to  phlogifticate  common  air,  at  leaft,  that  it  re- 
quires either  more  time  to  effect  this  purpofe,  or  a 
different  mode  of  application. 

As  phlogifton  had  produced  no  efFedt  upon  fixed 
air,  except  in  one  particular  cafe,  viz.  from  the  ef- 
fervefcence of  iron  filings  and  fulphur,  I did  not  ab- 
folutely  expedt  that  it  would  have  been  afFedled  in 
thefe  circumftances.  Befides,  ! only  expofed  the 
fixed  air  to  this  vapour  as  it  was  expelled  from  the 
phial  by  the  flame  of  a candle,  when  the^  vapour 
' is  not  fo  copious  as  when  it  is  expelled  by  a ftrong 
fand  heat,  furrounding  the  whole  phial  placed  in  a 
crucible. 


In 
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In  the  courfe  of  the  experiments,  I thought  I faw 
reafon  to  conclude  that  the  nitrous  acid  air  is  na- 
turally colourlefsj  like  the  other  acid  airs.  For  I 
obferved  that,  though  the  infide  of  the  phial,  and 
alfo  of  the  tube,  was  very  red,  during  the  tranF 
miffion  of  both  the  phlogifticated  and  dephlogifti- 
cated  air,  yet  that  in  the  intermediate  Hate,  when 
the  pure  acid  came  over,  all  the  infide  of  the  phial 
was  tranfparent or  if  there  was  any  fenfible  colour, 
it  was  of  a whitilh  call.  At  the  fame  time  it  was 
obfervable,  that  this  acid  vapour,  mixing  with  any 
other  kind  of  air,  produced  a red  colour.  As  there 
was  this  rednefs  in  inflammable  air,  and  other  kinds 
of  air,  for  fome  time  after  this  vapour  was  admitted 
to  them,  and  they  afterwards  became  tranfparent, 

I expedted  that  fome  alteration  would  have  been 
made  in  them,  but  I v/as  difappointed. 

I would  here  obferve,  that  the  young  operator 
ought  to  be  very  cautious  in  condudling  this  pro- 
cefs,  and  efpecially  to  take  care  that  the  tube  through 
which  this  acid  vapour  is  tranfmitted  be  fufliciently 
wide  ; by  which  I mean  that  the  hollov/  part  of  it 
Ihould  be  about  one  tenth,  or  one  twelfth  of  an  inch 
in  diameter.  When,  at  one  time,  I was  fo  incau- 
tious as  to  make  ufe  of  a tube  much  fmaller  than 
this,  almofl;  capillary,  fome  particles  of  the  flint,  as 
I fuppofe,  got  into  it,  and  Hopped  it  up.  How- 
ever, there  was  a violent  explofion  of  the  phial,  and 
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of  all  ks  contents,  by  which  I was  expofed  to  forne 
danger;  but  providentially,  at  this  time,  as  upon 
many  other  occafions,  I efcaped  without  any  hurt. 
But,  in  fuch  a kind  of  bufinefs  as  this,  nothing  caia 
be  expeded  to  be  dpiae  without  fuch  rifques. 


SECTION  X. 

4n,  Account  of  fame  Experiments  made  in  Conjequence 
of  an  Attempt  to  confine  the  Nitrous  Acid  Vapour 
hy  Means  of  Animal  O'lls^ 

My  readers  will  eafily  recoiled,  from  my  for- 
mer publications  on  the  fubjed  of  air,  that 
my  greateft  defideratum  was  to  exhibit  the  nV 
trous  acid  in  the  form  of  air,  after  having  exhi- 
bited fome  other  acids,  and  the  alkaline  principle, 
in  that  manner ; which  is  fo  exceedingly  convenient 
for  a chemical  examination  and  analyfis.  Since 
the  idea  firft  occurred  to  me,  I have  never  once 
loft  fight  of  it ; being  well  aware  of  the  unfpeak- 
ablc  importance  of  it  in  fuch  inveftigatlons  as  I 

4 have 
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have  been  engaged  in ; and  the  farther  I have  car« 
ried  my  refearches,  the  more  important  is  the  part 
that  I find  this  acid  to  ad  in  the  fyftem  of  m* 
ture. 

A great  part  even  of  my  firfl  publications  on 
this  fubjed  related  to  nitrous  air^  into  which  this 
acid  principally  enters  \ the  obfervations  contained 
in  my  fecond  volume,  exhibited  this  acid  in  a much 
greater  variety  of  modifications,  as  being  equally  % 
principal  ingredient,  both  in  the  mofl  noxioqs  and 
the  moft  wholefome,  the  moft  pure  and  the  mofl: 
impure  of  all  the  kinds  of  air;  and  my  experi- 
ments and  obfervations  relating  to  the  fame  acid 
made  no  lefs  a figure  in  my  fubfequent  pub- 
lications, And  ftill  the  fubjed  is  fo  far  from 
being  exhaufled,  that  all  that  has  been  hitherto  in- 
-vefligated  feems  to  be  nothing  more  than  an  open- 
ing to  fomething  much  greater  than  any  thing  that 
we  yet  know  concerning  it.  Bqt  I hope  that  we 
have  accefs  to  it  now  in  fo  rnany  different  ways, 
that  our  nearer  approaches  will  be  much  facili- 
tated. 

My  firfl  objed,  as  a thing  neceffary  to  all  the 
reft,  was,  as  1 have  laid,  to  contrive  how  to 
exhibit  the  nitrous  acid  in  the  form  of  air,  free 
from  any  combination  with  water,  and  pnmixed 
with  any  other  kind  of  air;  in  order  to  which  it 
was  neceffary  to  confine  it  by  feme  fluid  fubftance, 

with 
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with  which  it  had  no  affinity,  as  I had  been  able  to 
do  with  refpedt  to  other  kinds  of  air,  by  means  of 
water  or  quickfilver ; in  order  that  I might  intro- 
duce whatever  fubftances  I pleafed  into  this  air, 
through  that  fluid;  that  their  affinities  with  this 
air  might  be  examined,  with  the  fame  eafe  and 
convenience  that  I have  been  able  to  do  in  other 
fimilar  cafes.  But  I believe  there  is  no  fluid  Juh- 
ftance  in  nature,  with  which  the  nitrous  acid  will 
not  readily  combine,  fo  as  to  be  abforbed  by  it. 
But  though,  on  this  account,* I have  not  been  abh 
to  fucceed  to  my  wifh,  I have  had  fuch  other  re- 
fources,  that  my  endeavours  have  not  been  wholly 
without  fuccefs ; having  been  able  to  exhibit  the 
- nitrous  acid  in  the  form  of  air,  and  without  water ^ 
and  to  keep  it  in  this  flate  as  long  as  I pleafe,  but 
not  without  a mixture  of  common  air,  and  loaded 
with  phlogiflon.  My  deflderata  now  are,  to  fe^ 
farate  the  phlogiflon  from  it,  and  intirely  to  exclude 
the  common  air. 

In  an  early  period  of  my  experiments,  I was  not 
without  hopes  of  being  foon  in  pofTeflion  of  fuch 
a fluid  fubflance  as  v/ould  fully  anfwer  the  views 
above-mentioned ; expeding,  as  I then  fuggefted, 
that  feme  of  the  animal  oils  v^ould  fufficiently  con- 
fine the  nitrous  vapour.  But  in  this  hope  I 
found  myfelf  altogether  difappointed ; this  vapour 
being,  in  fad:,  no  more  capable  of  being  confined 
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by  thefe  oils,  than  by  any  other  fluid  fubftance 
whatever.  However,  as  the  degree  of  fuccefs  I 
met  with  was  in  confequence  of  my  unfuc- 
cefsful  attempts  to  gain  my  point  in  this  way,  and 
the  experiments  that  I made  for  this  purpofe  are 
in  themfelves  curious,  and  of  fome  importance,  I 
lhall  begin  this  part  of  my  narrative  with  an  ac- 
count of  them. 

Hoping  that  whale  oily  which  is  a cheap  article, 
might  ferve  my  purpofe  of  confining  the  nitrous 
acid  vapour,  as  well  as  any  other  animal  oil,  I 
imagined  that  I had  only  to  contrive  how  to  raife 
this  vapour.  Merely  heating  the  acid,  I had  found, 
would  not  anfwer  ; and  therefore  fome  more  power- 
ful means  was  neceffary  to  feparate  it  from  its  wa- 
ter, and  expel  it  in  the  form  of  air.  Now,  refled- 
ing  upon  the  exceedingly  rapid  folutions  of  feveral 
of  the  metals  in  this  acid  ftrongly  concentrated,  or 
with  a mixture  of  a very  little  water,  and  the  phe- 
nomena attending  the  receiving  of  the  air  fo  pro- 
duced in  water  (when  I had  obferved  very  large 
bubbles  to  iffue  from  the  end  of  the  tube  that  tranf- 
mitted  the  air,  but  exceedingly  fmall  ones  rifing 
to  the  top  of  the  jar)  I caught  the  hint  of  getting 
nitrous  vapour  by  this  means.  For  the  large  bub- 
bles, I was  well  fatisfied,  mull  have  been  the  nitrous 
add  it/elf  in  the  form  of  air,  but  prefently  abforbed 
by  water  j while  the  fmall  bubbles  were  the  nitrms 
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air  which  was  the  proper  produce  of  the  folution^ 
the  heat  attending  the  folution  having  been  the 
means  of  expelling  a great  quantity  of  fuperabun- 
dant  acid,  along  with  the  air.  By  fomc  rapid  fo- 
lution of  this  kind,  therefore,  I was  fure  to  get  at 
very  great  proportion  of  nitrous  vapour^  though 
mixed  with  a little  nitrous  air,  for  which  I fliould 
have  to  make  an  allowance. 

With  thefe  ideas,  having  confiderable  hope,  but 
not  without  fome  fear  of  difappointment,  I filled  a 
number  of  fmall  jars  with  my  whale  oil,  and  placed 
them,  inverted,  in  a bafon  of  the  fame,  exadly  as 
I had  been  ufed  to  do  with  quickfilver,  for  thofe 
kinds  of  air  that  are  capable  of  being  confined  by 
it : and  having  a fmall  quantity  of  ftrong  nitrous 
acid  in  one  of  my  phials,  with  a ground  Hopper 
and  tube,  I dropped  my  lump  of  bifmuth  into  it, 
pouring  after  it  a fmall  quantity  of  Water,  to  pro- 
mote the  folution,  and  eagerly  expedted  the  event. 
But  alas!  nothing  followed,  but  exadtly  fuch  ap- 
pearances as  I had ' before  feen  in  water.  For 
though  the  prodigioufiy  large  bubbles,  which  ifiued 
in  torrents  from  the  orifice  of  the  tube  communi- 
cating with  the  phial,  were  not,  indeed,  fo  quickly 
abforbed  as  they  had  been  in  water,  they  were  pre- 
fently  contradled  in  their  dimenfions,  and  were  re- 
duced in  bulk  fo  much,  as  not  to  exceed  that  of 
the  heads  of  fmall  pins  before  they  reached  the  top 
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of  the  jar.  I then  found  that  the  proper  nitrous 
vapour  was  abforbed  by  the  oil  as  it  had  been  be- 
fore by  the  water  i and  that  all  the  permanent  air  ^ 
that  I got  in  this  way  was  the  fmail  quantity  of 
nitrous  air  which  the  folution  yielded. 

Several  circumftances,  however,  attended  this 
experiment,  which  ftruck  me  very  much  at  that 
time,  and  were,  indeed,  then  altogether  inexplicable- 
to  me;  though  later  experiments  have  made  the 
theory  of  them  pretty  eafy.  I fhail  mention  them 
as  they  prefented  themfelves,  with  the  explanations 
that  have  occurred  to  me  fince. 

The  fifft  vifible  efFe6t  of  the  admiffion  of  this 
mixture  of  nitrous  vapour  and  nitrous  air  to  the 
oil,  was  the  heating  of  it  exceedingly,  and  turning 
it  green.  But  when  it  had  flood  to  cool  it  became 
red^  and  coagulated ; and  when  mixed  with  other 
oil  it  feparated  froim  it,  and  funk  to  the  bottom, 
exadlly  like  the  ice  of  oil,  and  continued  there, 
without  mixing  with  the  reft  of  the  oil. 

But  what  ftruck  me  moft,  and  was  a circum- 
ftance  wholly  unexpe6led  by  me,  was,  that  when 
I had  thrown  out  all  the  nitrous  air  that  had  been 
produced  in  the  procefs,  and  had  filled  the  phials 
again  with  the  oil  only,  air  kept  iffuing  from  every 
part  of  it  very  copioufly ; fo  that  in  a fhort  time 
a confiderable  quantity,  not  lefs  than  one  fourth  of 
the  contents  of  each  jar,  was  feparated  from  it,  ex-' 
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pelling  an  equal  bulk  of  oil.  When  the  jars  were 
left  in  a cool  place,  and  confequently  the  whole 
mafs  of  oil  was  coagulated,  this  procefs  was  necef- 
farily  at  a ftand ; but  when  I brought  the  jars  near 
the  fire,  fo  as  to  liquify  the  oil,  the  difcharge  of  air 
was  refumed,  and  went  on  as  brifkly  as  before. 

^ ' As  1 could  not,  immediately  upon  feeing  this 
phenomenon,  form  any  idea  of  the  nature  of  this 
air,  and  it  required  fome  time  to  colle6t  a quan- 
tity of  it,  fufficient  for  a fatisfadlory  examination  of 
its  properties  y I kept  viewing  this  production  of 
air  with  a confiderable  degree  of  furprize  and  anxi- 
ous expectation.  Among  other  things,  I thought 
it  pofTible  that  this  might  be  the  very  nitrous  acid 
air  that  I had  been  fo  long  in  queft  of,  efcaping 
from  the  oil,  which  had  been  over-faturated  with 
it,  like  water  flrongly  impregnated  with  fixed  air ; 
and  that  thus,  in  this  mofl  unexpected  manner,  I 
was  in  pofTeffion  of  all  my  wifhes. 

With  this  idea,  the  fir  ft  thing  that.  I tried,  as 
foon  as  I had,  by  putting  all  the  fmall  quantities 
together  (which  I could  do  in  a trough  of  oil  that 
I had  prepared  for  the  purpofe)  gotten  enough  for 
the  experiment,  was  to  introduce  to  it  a quantity  of 
alkaline  air.  But  there  was  no  appearance  of  any 
thing  like  a white  cloud  procured  by  mixing  them ; 
fo  that  it  could  not  have  been  any  pure  acid  va- 
pour, and  confequently  that  hope  was  entirely  blaft- 
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ed.  I alfo  found  that  this  air  Was  not  abforbed 
by  water,  as  a nitrous  vapour  would  certainly  have 
been. 

I then  concluded  that  this  mtifl  be  nitrous 
air^  with  which,  as  well  as  with  the  nitrous  va- 
pour, this  oil  had  been  faturated^  but  on  admit- 
ting to  it  a proper  quantity  of  common  air,  there 
was  neither  any  rednefs,  or  diminution  of  bulk, 
produced.  I then  imagined  that  it  might  poffibly 
be  inflammable  air  \ the  phlogifton  of  the  oil,  as 
well  as  of  the  nitrous  air,  and  nitrous  vapour, 
having  contributed  to  it;  but  it  extinguifhed  d 
candle.  And  finding  at  the  fame  time  that  it  did 
not  make  lime  water  turbid,  it  appeared  to  be,  in 
fa6t,  mere  phlogiflicated  air. 

The  manner  in  which  this  air  was  produced  by 
this  procefs,  and  which  I did  not  underlland  at  the 
time  that  I firfl  obferved  it^  is;  in  fhort,  this. 
All  oils  readily  decompofe  nitrous  air,  as  well 
as  imbibe  nitrous  vapour;  and  in  all  cafes  in 
which  nitrous  air  is  decompofed,  it  is  reduced  td 
the  ftate  of  phlogiflicated  air.  But  ftill  I am  en- 
tirely at  a lofs  to  account  for  the  produ6lion  of  fuch 
a quantity  of  this  air  from  the  oil  thus  impreg- 
nated, after  the  nitrous  air  produced  by  the  folu- 
tion  of  the  metal  had  been  thrown  out;  conOder- 
ing  that  it  is  only  a very  fmall  proportion  of  nitrous 
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air  that  any  fluid  fubftance  can  be  made  properly 
to  imbibe ; whereas  this  phlogifticated  air  was  fuf- 
ficientj  in  quantity,  to  have  been  the  refiduum  of 
ten  times  as  much  nitrous  air  as  the  quantity  of  all 
the  oil  ufed  in  the  experiment.  This  produ<5lion  of 
phlogifticated  air  from  oil  will  be  feen  exa6lly  to 
refemble  the  produtftion  of  a ftill  greater  propor- 
tion of  nitrotis  air  from  water,  treated  in  the  very 
fame  manner ; but  tlien  I am  not  able  to  account 
for  one  of  the  facfts  any  better  than  the  other. 

N.  B.  When  I made  a quantity  of  alkaline  air 
pafs  through  this  oil  faturated  with  nitrous  vapour, 
in  order  to  mix  it  with  the  air  which  had  iflued 
from  it,  the  oil,  from  being  red,  became  almoft 
quite  black. 

After  this  I impregnated  all  the  kinds  of  oil 
with  nitrous  vapour,  but  in  a manner  different 
from  this,  and  I ftiail  give  an  account  of  the  effedls 
of  this  impregnation,  which  are  fufficiently  remark- 
able, in  a future  fedion,  appropriated  to  that  pur- 
pofe. 

Thus  ended  my  firft  attempt  to,  procure  nitrous 
acid  air  j fruitlefs,  indeed,  with  refped  to  my  prin- 
cipal obje6t,  but  not  quite  ufelefs  in  itfelfi  and 
preparing  the  way  for  fuch  a degi'ee  of  fuccefs  as 
I have  fmee  met  with* 
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Ohjervations  on  the  Nitrous  Acid  Vapour  itfelf, 

Being  dlfappointed,  as  has  been  feen,  in  my 
expedlations  of  confining  the  nitrous  acid  va- 
pour by  animal  oilsy  it  occurred  to  me,  that,  in  lieu 
of  this,  it  might  not  be  wholly  without  its  ufe,  if 
I could  ftiut  up  this  vapour  in  dry  glafs  phials^ 
with  ground  ftoppers*  And  though,  in  this  me- 
thod of  procuring  it,  by  the  folution  of  bifmuth^ 
or  other  things  with  which  it  unites  moft  rapidly^ 
there  is  neceffarily  a mixture  of  nitrous  airy  it  is 
inconfiderable  in  proportion  to  the  quantity  of  pure 
nitrous  vapour  itfelf.  And  though  a mixture  of 
common  air  alfo  would  neceflarily  reitiain  in  the 
phial,  it  could  only  ferve  to  dilute  the  acid  vapour^ 
and  could  not  materially  alter  the  properties  of  iu 
Alfo,  if  the  mouths  of  the  phials  were  fmall,  they 
might  be  opened,  and  various  fubftances  admitted 
to  the  vapour,  without  much  lols  of  the  acid  j efpe- 
daily  as  all  acid  vapours,  I had  reafon  to  think, 
were  heavier  than  common  ain 
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Being  obliged  to  content  myfelf  with  thefe  mo- 
derate views,  I prefently  thought  of  an  eafy  method 
of  putting  my  defign  into  execution.  This  was  ‘by 
making  the  folution  in  a tall  phial,  that  there  might 
be  room  for  the  ebullition  of  the  acid,  without  any 
danger  of  its  being  thrown,  out ; and  having  the 
tube,  through  which  the  vapour  was  tranfmitted, 
bent  downwards,  in  order  to  be  inferted  into  the 
mouths  of  the  phials  that  were  to  receive  the  va- 
pour. This  contrivance  perfe61:ly  anfwered  my 
purpofe.  For  I foon  found  that  as  the  folution 
was  fo  very  rapid,  and  confequently  the  produdion 
of  nitrous  vapour  in  this  procefs  exceedingly  copi- 
ous, I could,  by  placing  a number  of  dry  phials  in 
a line,  fill  them  all  with  this  red  vapour  in  the  fpace 
of  a few  feconds ; clofmg  fome  of  them  while  I 
tvas  filling  others ; and  when  this  was  done,  I could 
either  keep  the  phials  filled  with  the  vapour  itfelfj 
as  long  as  I pleafed,  or  put  into  them  fuch  fub- 
flances  as  I intended  to  imbibe  the  vapour.  Or, 
if  I thought  proper  to  do  fo,  I could  firft  put  thofe 
fubftances,  whether  folid  or  liquid,  into  the  phials, 
and  then  throw  a ftream  of  vapour  upon  them. 

Though  this  vapour,  in  the  manner  in  which  I 
procured  it,  was  always  red,  I have  little  doubt  but 
that  the  nitrous  acid  itfelf,  divefted  of  every  thing 
foreign  to  it,  is  as  tranfparent  as  the  other  acids. 
But  in  this  procefs  it  neceffarily  acquires,  and  car- 
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ries  ofF  with  it,  a great  portion  of  phlogillion,  from 
the  metals  that  it  has  diffolved.  And  other  ob- 
fervations  fhew  that  it  is  only  when  the  nitrous^ 
acid  becomes,  in  fome  meafure,  phlogifticated,  that 
it  aifumes  a deep  orange  colour  j and  that  the  lefs 
phlogifton  it  has,  the  paler  it  always  is. 

When  a phial  is  filled  with  this  red  vapour  from 
fpirit  of  nitre,  and  clofed  with  a ground  Hopper, 
or  when  it  is  confined  in  glafs  tubes  hermetically 
fealed  at  both  ends,  which  I have  frequently  done, 
it  will  continue  red  I do  not  know  how  long  \ but 
I have  kept  it  many  months  in  this  Hate,  and  ima^ 
gine  it  will  never  change  its  colour,  except  in  con- 
fequence  of  phlogifticating  the  common  air  con- 
tained in  the  phial;  when  the  phlogifton,  which 
occafions  the  rednefs  of  this  vapour,  quits  it,  and 
lofes  its  colour,  by  being  incorporated  with  com- 
mon air,  as  will  be  feen  prefently. 

The  change  of  colour  given  to  this  vapour  by  • 
heat  is  not  a little  remarkable,  for  it  is  altogether 
independent  of  gravity  or  condenfation.  In  order 
to  make  fome  experiments  of  this  kind  to  proper 
advantage,  I procured  a glafs  tube,  three  feet  long, 
and  about  an  inch  wide,  clofed  at  one  end,  and 
fitted  with  a ground  ftopper  at  the  other.  This 
tube  I eafily  filled  with  red  vapour,  in  confequence 
of  its  being  much  heavier  than  common  air ; and 
clofmg  the  open  end  with  the  ftopper,  I obferved, 
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that  that  part  of  the  tube  which  I held  in  my  hand 
was  manifeftly  of  a deeper  colour  than  any  other 
part  of  it.  On  this  I held  one  end  of  it  to  the 
fire,  and  found  that  that  end  grew  moft  intenfely 
red,  three  or  four  times  more  fo  than  the  reft  of 
the  tube.  The  diredtion  in  which  the  tube  was 
held  made  no  difference  with  refpedt  to  the  red  part 
of  it  j the  part  that  was  hotteft  being  always  of  the 
deepeft  colour,  whether  it  was  held  upwards  or 
downwards;  fo  that  whether  the  heated  vapour 
afeended  or  defeended,  it  did  not  retain  its  colour 
in  the  fmalleft  degree,  after  it  had  been  oppofite  to 
the  heated  part  of  the  glafs. 

That  this  extraordinary  rednefs  was  not  occa- 
fioned  by  the  vapour  being  more  rarefied  in  that 
particular  place,  appeared  by  the  whole  tube  af- 
fuming  the  fame  deep  red  colour,  when  the  whole 
length  of  it  was  made  equally  hot : for  the  vapour 
being  clofely  confined,  the  denfity  of  it  within  the 
tube  muft  neceftarily  have  continued  the  fame  in 
all  the  variations  of  heat  or  cold.  This  rednefs, 
therefore,  muft  be  the  proper  effeft  of  heat  on 
the  phlogifton,  as  I Ihould  imagine,  of  the  vapour. 
Repeating  this  experiment  very  often,  with  the 
fame  tube,  and  the  fame  vapour,  it  became  alter- 
nately of  a deeper  or  lighter  colour,  according  as 
it  was  kept  hot  or  cold,  without  any  fenfible  change, 
except  that  which  depended  upon  this  fingle  cir- 
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cumftante.  This  is  really  a ftriking  experiment^ 
and  efpecially  when  .the  tube  contains  juil  fo  much 
vapour  as  to  be  nearly  tranfparent  when  it  is  cold  ; 
fo  that  the  heat  alone  gives  it  all  the  colour  that  it 
acquires. 

In  order  to  obferve  the  utnwfi  effe^:  of  heat  on 
this  vapour^  I placed  the  clofed  end  of  the  tube 
near  the  fire,  and  bringing  it  gradually  nearer  and 
nearer,  obferved  that  the  colour  deepened  uni- 
formly with  the  increafe  of  heat,  till,  the  glafs 
a61:ualty  melting,  the  confined  yapoxir  burfl:  its  way 
out. 

It  feems  probable  from  other  phenomena,  that 
if  this  vapour  was  not  confined,  but  had  room  to 
expand  itfelf,  it  would  become  colourlefs  with  heat. 
This,  at  leaft,  is  the  cafe  when  it  is  combined  v/ith 
water.  The  phenomena  I refer  to  are  very  com- 
mon in  the  procefs  for  making  dephlogifticated  air, 
in  which  I firft  obferved  them.  But  the  fame 
things  are  obfervable  in  the  procefies  for  producing 
any  other  kind  of  air,  in  which  much  Ipirit  of 
jiitre  is  made  ufe  of;  and  likewife,  conllantly,  in 
the  common  procefs  for  making  Ipirit  of  nitre  it- 
felf, It  is,  that  when  the  heat  is  moderate,  the 
vapour  within  the  glafs  tube  or  retort  is  red,  but 
that,  as  the  heat  increafes,  it  becomes  tranfparent. 

In  making  dephlogifticated  air,  I have  frequently 
obferved,  that,  for  a long  time  together,  the  cube 
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Through  which  the  air  was  tranfiTiitted  was  quite 
tranfparent  next  to  the  fire ; but  that  near  the  wa- 
ter, where  the  air  was  delivered,  it  has  been  quite 
red,  and  even  within  the  phial  itfelf,  after  it  had 
been  tranfmitted  through  the  water.  It  is  alfo 
conftantly  obferved,  in  the  procefs  for  making  fpiric 
of  nitre,  that  red  fumes  fir  ft  appear  in  the  retort, 
then  in  the  adopter,  if  any  be  ufed,  and  laftly  in 
the  receiver;  that  w'hen  the  heat  is  greateft,  the 
retort  becomes  tranfparent,  while  the  adopter  and 
receiver  continue  red ; and  that  when  the  heat  is 
very  great,  the  adopter  will  become  tranfparent, 
and  the  receiver  only  will  be  red.  I have  alfo  ob- 
ferved that  as  the  heat  intermits,  in  the  courfe  of 
a procefs,  the  rednefs  returns  into  the  adopter  and 
receiver,  and  is  conftantly  driven  back  again  as  the 
heat  increafes.  I have  likewife  frequently  obferved 
that  when  there  has  been  nothing  in  the  retort  but 
colourlejs  vapours^  like  thofe  of  water,  yet  that, 
when  they  have  pafTed  into  the  receiver,  they 
have  immediately  appeared  in  the  form  of  red 
(clouds. 

It  is  remarkable,  however,  that,  in  the  laft  ftage 
of  the  procefs  for  making  fpirit  of  nitre,  the  red 
vapour  always  re-appears  in  the  retort,  which,  at 
laft,  becomies  moft  intenfely  red,  fo  as  to  appear 
almoft  black ; and  this  will  be  the  cafe  though  the 
heat  be  increafed  ever  fo  much.  It  is  prc  bable, 

therefore^ 
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therefore,  that  heat  has  this  power  of  attenuating 
the  nitrous  vapour,  and  making  it  colourlefs,  only 
when  it  is  combined  with  water,  as  well  as  with 
plilogiilon ; fo  that  it  difappears,  as  it  were, 
and  is  concealed  in  the  fleam  j but  that  after 
the  diftillation  is  over,  and  there  is  no  moiilure 
left  for  the  acid  vapour  to  combine  with,  that, 
in  this  cafe,  as  well  as  in  that  of  my  long  tube, 
heat  only  contributes  to  make  the  vapour  more 
red. 

That  this  rednefs  of  the  nitrous  vapour  difappears 
when  the  phlogifton  is  combined  with  as  well 
as  with  watery  was  evident  from  feveral  of  the  ob- 
fervations  that  I have  made.  I was  led  to  afcertain 
this  circumftance  more  particularly,  by  having  a 
fmall  phial  filled  with  this  red  vapour,  which  I 
generally  carried  about  with  me,  in  order  to  fhew 
it  to  my  friends  ; when  I obferved  that,  in  the  fpace 
of  about  a month,  though  the  phial  was  well  clofed 
with  a ground  ftopper,  as  fufficiently  appeared  af- 
terwards, the  colour  gradually  difappeared ; fo  that 
at  lafl  the  rednefs  was  barely  diftinguifhable  by 
the  application  of  heat,  and,  of  courfe,  it  would 
anfwer  my  purpofe  no  longer. 

Upon  this  I took  it  for  granted,  that  the  phial 
had  not  been  well  clofed ; but,  in  order  to  fatisfy 
myieif  with  refpe6t  to  it,  I opened  the  phial  under 
w^ater,  when  it  was  immediately  half  filled  with  it. 

Had 


122  OBSERVATIONS  ON  Part  L 

Had  I examined  the  air  within  the  phial,  it  would 
certainly  have  been  found  to  be  phlogifticated.  But 
though  I neglected  to  do  this  at  that  time,  I took 
fufficient  care  to  afcertain  that  circumftance  after- 
wards. 

For  prefently  after  this  I opened  under  water  an- 
other phial,  which  had  been  filled  with  the  red  va- 
pour about  two  months  before,  and  the  colour  of 
which  was  evidently  fainter  than  it  had  been,  when 
the  water  immediately  rufhed  in,  and  filled  two 
thirds  of  it,  and  the  air  within  it  was  not  at  all  af- 
fected by  nitrous  air. 

At  another  time  I made  a very  dry  and  clean 
phial  but  (lightly  red  with  the  nitrous  vapour,  and 
obferved  that  this  flight  rednefs  prefently  difappeared, 
fo  as  not  to  be  recovered  even  by  the  application  of 
heat  j which  certainly  proves  that  the  phlogifton  had 
quitted  the  nitrous  acid,  and  had  united  itfelf  to  the 
air ; and  that  this  colour  appears  in  its  union  with 
the  former,  but  not  with  the  latter. 

Laftly,  I found,  in  the  courfe  of  thefe  experi- 
ments, that  the  power  of  this  red  vapour  to  phlo- 
gifticate  common  air  was  much  greater,  and  aCted 
much  quicker,  than  I had  imagined  when  I made 
the  firfl:  obfervation  of  the  kind.  For,  after  the 
former  obfervations,  I filled  another  phial  with  the 
red  vapour,  and  immediately  afterwards  opened  it 
under  water  5 when  the  water,  rulhing  in,  filled 

about 
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about  half  of  it,  and  the  remaining  air  was  found 
completely  phlogifticated,  not  being  in  the  kail  af- 
fected by  nitrous  air. 

Thefe  obfervations  confirm  thofe  I have  recited 
before,  concerning  the  vapour  of  fpirit  of  nitre  in- 
juring common  air.  But  how  much  of  the  effect 
arifes  from  this  caufe,  and  how  much  is  to  be  at- 
tributed to  the  nitxmus  air,  necelfarily  mixed  with 
the  nitrous  vapour,  is  not  eafily  afcertained. 

When  I wrote  the  above,  1 filled  rubes  and 
phials  with  the  red  nitrous  vapour,  by  means  of  the 
rapid  folution  of  bifmuth  in  fpirit  of  nitre,,  which  is 
a troublefome  operation,  when  the  tube  is  to  be 
fealed  hermetically  after  being  filled  with  the  va- 
pour. The  manner  in  which  i fucceeded  in  this  ex- 
periment would  be  tedious  to  defcribe,  and  it  would 
be  unnecelfary,  as  1 have  fince  effecSted  the  fame 
thing  in  a much  eafier  manner.  For  red  lead  con- 
verted into  a white  fubftance  (as  I have  obfervcd 
it  to  be  by  impregnation  with  the  nitrous  vapour, 
and  which  may  be  kept  in  that  ftate  without  deii- 
quefcing  any  length  of  time,  and  without  feeming 
to  be  difpofed  to  part  with  any  of  the  vapour  which 
it  has  imbibed  in  the  temperature  of  the  atmos- 
phere) readily  emits  it  in  a melting  heat.  I there- 
fore put  a fmall  quantity  of  this  white  minium  into 
a glafs  tube  clofed  at  one  end ; then,  holding  it  to 
the  fire,  made  it  emit  the  red  vapour,  till  the  whole 
4 tube 
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tube  is  filled  with  it ; and  having  the  other  end  of 
the  tube  drawn  out  ready  for  clofing,  as  foon  as  the 
vapour  begins  to  ifllie  out  of  that  end,  I apply  my 
blow  pipe  and  feal  it. 

By  this  means  I conclude  that  the  tube  is  filled 
with  a pure  red  vapour,  without  that  mixture  of  ni- 
trous air,  and  perhaps  common  air  alfo,  which  I 
could  not  exclude  before  ; and  when  this  is  done,  I 
can  eafily,  afterwards,  melt  off  that  part  of  the  tube 
which  contains  the  minium,  fo  that  it  does  not  at 
all  appear  in  what  manner  the  tube  was  filled  with 
the  vapour.  A tube  thus  prepared  will  become  of 
a deeper  colour  with  heat,  and  paler  with  cold,  ex- 
adly  as  the  tubes  filled  in  the  manner  deferibed  be- 
fore. A little  moifture  is  expelled  from  the  white 
minium  along  with  the  red  vapour,  but  it  is  very 
inconfiderable. 

This  white  minitim  never  falls  to  be  produced 
when,  in  any  circumftances,  the  common  minium 
is  fufficiently  impregnated  with  nitrous  vapour.  In 
making  a quantity  of  dephlogifticated  air  from  the 
common  minium  and  fpirit  of  nitre,  I once  filled  a 
whole  gun  barrel  with  the  materials  3 and  when  I 
emptied  it,  after  the  procefs,  in  which  the  bottom  of 
the  gun  barrel  only  had  been  affedled  with  the  heat, 

I found  part  of  the  minium,  at  a fmall  diftance  from 
the  place  that  had  been  the  hottefi,  perfedly  white, 
while  that  from  which  the  air  had  been  expelled  was 

yellow. 
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yellow,,  as  ufual,  and  that  which  was  farther  from 
the  heat  than  the  white  minium,  was  almoft  black. 

Having  had  a flight  fufpicion  that  the  whitenefs 
of  this  minium  might  pofTibly  have  been  occafioned 
by  fomething  from  the  hifmuth,  carried  over  along 
with  the  nitrous  vapour  produced  in  the  folution  of 
it,  I made  a fimilar  procefs  with  the  folution  of  iron^ 
and  found  that  it  had  the  very  fame  effedt  as  the  fo- 
lution  of  bifmuth,  converting  the  minium  into  a 
white  fubflance,  exactly  like  that  which  I had  pro- 
cured before.  It  is,  therefore,  the  pure  effect  of 
impregnation  with  nitrous  vapour,  but  certainly  a 
very  extraordinary  one,  and  it  may  be  well  worth 
while  to  extend  the  procefs  to  various  other  folid 
fubftances. 
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Of  the  Influence  of  Light  on  Vapour  of  Spirit  of  Nitre. 
IGHT,  befides  ferving  the  important  purpofe 


of  vifton^  is  likewife  a chemical  principle,  the 
cfFefe  of  which  are  as  yet  but  little  known  ; though 
we  have  feen  fufficient  reafon  to  conclude,  that  it 
is  a very  important  agent  in  the  fyftem  of  nature. 
Any  new  fadts,  therefore,  relating  to  fo  curious  a fub- 
je»S:,  muft  be  acceptable  to  the  natural  philofopher. 

After  the  experiments  which  I had  before  made 
on  the  colouring  of  fpirit  of  nitre,  by  which  it  ap- 
peared to  depend  upon  phlogifton,  it  was  fuggefted 
to  me  by  a philofophical  friend,  that  the  air  incum- 
bent upon  the  acid  might  poflibly  affed  its  colour, 
and  I was  defired  to  attend  to  that  circumftance. 
Accordingly  I did  fo,  and  found  that  air  as  fuch 
had  no  influence  in  the  cafe,  but  a very  material 
one,  as  affording  fpace  for  the  vapour  of  the  acid 
to  expand  itfelf  in ; fo  as  to  be,  in  that  ftate,  fub- 
jed  to  the  adion  of  li^t^  a thing  of  which  1 had  no 
fufpicion  before. 


Having 
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Having  made  a quantity  of  colourlefs  fpirit  or 
nitre,  which  is  readily  done  by  making  it  boil  haf- 
tily  (in  order  to  prevent  too  great  a lofs  of  the  acid) 
and  letting  it  cool  again  in  the  dark,  I put  different 
portions  of  it  into  feveral  phials,  fome  of  them  quite 
full,  and  others  only  half  full,  with  every  different 
ipecies  of  air  incumbent  upon  them,  except  the  ni- 
trous ; which  I knew  would  immediately  be  decom- 
pofed,  and  give  it  colour.  Then  leaving  the  phials 
expofed  to  the  light  of  the  fun,  in  a few  days  I found 
the  acid  in  all  of  them  that  'wtxt  only  half  full  con-- 
fiderably  coloured ; whereas,  the  acid  in  the  phials 
that  were  quite  full  remained  as  colourlefs  as  wa- 
ter. 

After  having  had  air  of  different  kinds  in  thofe 
phials  which  were  only  partially  filled,  I contrived 
to  have  a vacuum  above  the  acid  \ but  ftill,  when  it- 
was  expofed  to  the  light,  it  became  coloured,  as 
well  as  that  which  had  air  in  contact  with  it*. 

I then  took  fome  of  the  phials  that  were  only  half 
fully  and  covering  them  from  the  light,  expofed  them 
for  feveral  days  to  a confidcrable  degree  of  heat. 
But  in  that  fituation  they  never  acquired  any  co- 
lour. 

* In  this  experiment  I ufed  a glafs  transferrer,  executed  by 
Mr.  Parker,  it  is  of  excellent  ufe  when  either  acids  or  mercury  is 
employed. 
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Being  now  fatisfied  diat  it  was  the  a6lion  of  light 
upon  the  vapour  of  fpirit  of  nitre  that  gave  it  colour, 
I amufed  myfelf  with  throwing  a ftrong  light,  by 
means  of  a lens,  into  the  upper  part  of  a phial,  the 
lower  part  of  which  contained  colourlefs  Ipirit  of 
nitre.  And  in  this  manner  I found  that  I could  foon 
give  a fbrong  orange  colour  to  the  vapour  of  the 
acid  j and  that,  being  imbibed  by  the  liquid  acid 
with  which  it  was  in  conta6l,  this  alfo  became  co- 
loured, firft  at  the  top,  and  then  quite  through  its ' 
fubftance.  Other  experiments  fhew  that  nitrous  acid 
becomes  coloured  by  the  expulfion  of  dephlogifti- 
cated  air,  which  is  effeded  by  heat. 
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SECTION  XIII. 

Of  the  Impregnation  of  Water  with  phlogifticated  nU 
trous  Vapour. 

Having  exactly  meafured  a quantity  of  water 
before  it  was  impregnated  with  the  nitrous 
vapour,  I obferved  that,  after  the  impregnation,  it 
was  increafed  exad:ly  one  third  s two  meafures  of 
. water  having  become  three y and  agreeably  to  this, 
I found  that  a quantity  of  the  ftrongeft  fpirit  of  ni- 
tre that  I could  procure,  occupying  the  fpace  of 
four  pennyweights  of  water,  weighed  fix  penny- 
weights. The  exhalation  of  red  vapour  from  water 
thus  impregnated  is  very  great,  far  exceeding  any 
thing  that  I have  ever  feen  in  any  other  kind  of  fpi- 
rit of  nitre.  When  the  Hoppers  have  been  thruft 
very  hard  into  the  phials  containing  it,  they  have 
been  fometimes  thrown  out  with  great  force,  and 
the  upper  part  of  the  phials,  containing  this  acid, 
are  always  exceedingly  red. 

Examining  the  ftrength  of  a quantity  of  deep 
green  fpirit  of  nitre,  I found  that  as  much  of  it  as 
occupied  the  fpace  of  four  pennyweights  of  water, 
VoL,  III.  K yielded 
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yielded  thirteen  ounce  meafures  of  nitrous  air  with 
copper.  When  a quantity  of  this  acid  had  been  ex- 
pofed  to  the  open  air  about  a week,  and  its  colour 
had  intirely  vanifhed,  the  fame  quantity  of  it  yielded 
nine  ounce  meafures  Of  nitrous  air,  which  is  about 
the  fame  produce  that  was  yielded  by  a pure  fpirit  of 
nitre  mentioned  above  ; and  being  equally  colourlefs^ 
they  were  probably  the  very  fame  thing.  N.  B.  No 
heat  was  applied  in  thefe  trials. 

The  volatility  of  the  nitrous  acid,  in  water  im- 
pregnated in  this  manner,  is  very  extraordinary. 
For,  pouring  a little  of  it  into  an  open  glafs,  and 
blowing  upon  it,  a copious  red  vapour  ifTues  from 
it ; and  by  blowing  upon  it  in  this  manner  about  the 
fpace'ofa  minute,  the  blue  or  green  colour  intirely 
vanifhes,  and  the  water  becomes  of  a pale  yellow 
colour,  exaftly  like  common  fpirit  of  nitre.  If 
the  acid  in  this  ftate  (and  the  fame  is  the  cafe  with 
common  fpirit  of  nitre)  be  expofed  to  the  open  air 
a few  days,  it  becomes  quite,  or  very  nearly,  co- 
lourlefs,  and  very  weak.  To  fee  the  nitrous  acid 
thus  blown  out  of  a quantity  of  this  impregnated 
water  in  the  form  of  a red  vapour,  juft  as  it  went 
into  it,  is  curious  enough,  and  what  has  given  much 
pleafure  to  thofe  of  my  chemical  friends  to  whom 
I have  fhewn  it.  It  is  evident  from  this  experiment, 
that  the  thino-  on  which  all  thefe  colours  of  nitrous 
acid  depends,  is  the  volatile  acid  vapour* 
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Oil  of  vitriol  is  known  to  increafe  in  weight  by- 
being  expofed  to  the  open  air,  from  which  it  at- 
trads  a quantity  of  moiilure,  which  dilutes  it.  But 
this  is  not  the  cafe  with  the  nitrous  acid,  at  leaft 
with  this.  For,  on  the  contrary,  it  always  lofes 
both  weight  and  bulk  by  fuch  expofure.  In  order 
to  obferve  the  limit  of  this  lofs  with  refped  to  this 
volatile  fpirit  of  nitre,  I obferved  that  a quantity  of 
it,  before  it  was  fo  expofed,  weighed  thirteen  penny- 
weights eight  grains  5 and  after  ^a  fortnight,  it  had 
loft  one  pennyweight,  and  was  diminilhed  about  one 
fifteenth  in  bulki 

I found,  however,  that  the  ftrongeft  impregna- 
tion of  water  with  nitrous  vapour,  befides 'containing 
a quantity  of  acid  more  volatile  -than  ufual,  retains 
as  much  of  it  as  the  ftrongeft  fpirit  of  nitre  does  af- 
ter being  a long  time  equally  expofed  to  the  com- 
jnon  air*  And,  indeed,  when  the  green  colour  is 
blown  out  of  this  impregnated  water,  it  is  not  to  be 
diftinguifhed,  in  any  refped,  frcMH  the  ftrongeft  yel- 
low fpirit  of  nitre. 

In  order  to  obferve  in  what  proportion  different 
kinds  of  nitrous  acid  would  lofe  ftrength  by  expo- 
fure to  the  open  air,  I expofed  in  equal  cups,  equal 
quantities  of  blue  fpirit,  green,  green  tinged  with  yel- 
low, a quantity  of  the  common  fort  made  by  Mr. 
Godfrey,  and  a quantity  of  my  own  diftilling,  with  the 
proportion  of  eight  ounces  of  oil  of  vitriol  to  ten  of 
K 2 nitre  5 


OBSERVATIONS  ON 


Tart  L 


132 

nitre  ; and  when  they  had  flood  about  a fortnight, 
and  were  all  become  quite  colourlefs,  like  water,  a 
quantity  of  each  of  them  occupying  the  fpace  of  four 
pennyweights  of  water,  yielded  nitrous  air  in  the 
following  proportions.  Of  the  green  four  ounce 
meafures,  and  of  the  green  tinged  with  yellow,  four 
and  three  quarters  ; which  was  alfo  the  produce  of 
Mr.  Godfrey’s  acid  ; and  of  my  own  five  ounce 
meafures.  Of  the  blue  I find  no  account. 

That  the  fpirit  of  nitre  made  by  the  impregnation 
of  water  with  nitrous  vapour,  is  a purer  acid  of  the 
kind  than  the  common  fpirit  of  nitre,  appears  evi- 
dently by  its  not  depofiting  any  thing  when  it  is 
mixed  with  a folution  of  filver  in  the  nitrous  acid, 
which  is  the  cafe  with  the  common  fpirit.  of  nitre  5 
and  this  is  always  faid  to  be  a proof  that  it  contains 
a quantity  of  vitriolic  acid. 

But  that  fpirit  of  nitre  made  in  this  manner  con- 
tains more  phlogiflon  than  common  fpirit  of  nitre  is 
alfo  evident,  both  from  the  copious  red  fumes  emit- 
ted from  it,  and  alfo  from  other  circumflances,  efpe- 
cially  from  the  quality  of  the  air  which  it  yields  with 
flowers  of  zinc. 

Having  mixed  a quantity  of  blue  fpirit  of  nitre 
with  flowers  of  zinc  which  were  of  a dull  colour, 
and  appeared  from  feveral  experiments  to  contain  a 
portion  of  phlogiflon,  it  yielded,  with  the  heat  of  a 
candle  applied  to  the  phial  which  contained  it, 

flrong^ 
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flrong  nitrous  air  ; when  the  comnnon  fpirit  of  ni- 
tre applied  in  the  fame  manner  gave  only  phlogifti- 
cated  air ; the  phlogiflon  of  which  came  probably 
from  the  calx  itlelf,  though  a fmall  portion  of  it 
might  have  been  in  the  nitrous  acid,  which  I believe 
is  never  intirely  free  from  it. 

It  is  alfo  a proof  that  the  green  fpirit  of  nitre  con- 
tains a good  deal  of  phlogifton ; that  if  a very  brown 
fmoking  fpirit  of  nitre,  which  certainly  contains 
much  phlogifton,  be  mixed  with  water,  in  a certain 
proportion,  a green  acid  is  produced.  But  this  is 
not  the  cafe  when  the  common  yellow  fpirit  of  nitre, 
which  contains  lefs  phlogifton,  is  applied  in  the 
fame  manner. 

A moft  remarkable  fadt  of  this  kind  once  occurred 
to  me,  in  the  courfe  of  my  diftillation  of  fpirit  of 
nitre.  The  faltpetre  being  very  impure  (having 
been  cafually  mixed  with  various  phlogiftic  matters) 
the  acid  that  came  over  was  exceedingly  brown, 
and  the  fumes  were  uncommonly  red,  and  copious ; 
when,  the  fire  happening  to  flacken,  there  was  a 
condenfation  of  air  and  vapour  within  the  veflels, 
and  a quantity  of  water  ruftied,  before  I was  aware 
of  it,  into  the  receiver,  through  the  glafs  tube, 
fig.  4.  PI.  V.  and  this  mixture  of  that  ftrong  brown 
fpirit  of  nitre  and  the  water,  which  I fuppofe 
was  three  fourths  of  the  whole,  made  a perfedly 
K 3 deep 


134 


OBSERVATIONS  ON 


Part  K 


deep  green  acid  ; whereas  none  that  I could  make 
by  the  mixture  of  the  acids  after  they  were  decanted, 
ever  approached  to  the  greennefs  of  this.  The 
colour  was  almoft  as  deep  as  I could  produce  by 
the  dired  impregnation  of  water  with  the  nitrous 
vapour. 

I have  obferved  that  the  confequence  of  impreg- 
nating water  with  the  vapour 'that  efcapes  from  fpi- 
rit  of  nitre  is  making  it  fparkle,  with  the  fpontane- 
ous  produdion  of  nitrous  air.  This  feems  to  prove 
that,  unlefs  there  be  earth  in  all  water,  there  cannot 
be  any  earth  neceffarily  contained  in  nitrous  air* 
But  at  that  time  I had  always  procured  this  appear- 
ance by  throwing  into  the  water  the  red  nitrous  va- 
pour from  a violent  effervefcence  of  fpirit  of  nitre 
and  bifmuth  ; and  in  this  violent  effervefcence  it 
was  poffible  that  fome  of  the  earth  of  the  metal 
might  be  carried  over,  as  fome  of  the  water  evi- 
dently was.  I was,  therefore,  now  careful  to  avoid 
this  objedion,  which  I did  by  expofing  a phial  of 
pure  nitrous  acid  to  nitrous  air  over  the  purefl  dif- 
tilled  water.  This  I did  by  means  of  a tube  with  a 
ground  ftopper  at  each  end.  For  by  flopping  and 
unflopping  them  alternately,  I could  eafily  manage 
fo  as  to  place  the  phial  of  fpirit  of  nitre,  fupported 
by  a thin  glafs  tube,  very  near  the  top  of  the  veffcl,^ 
then  fill  it  quite  to  the  edge  of  the  veffel  with  water. 
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and  after  that  difplace  the  water  by  introducing  ni- 
trous air.  As  the  nitrous  air  was  abforbed  I in- 
troduced more,  by  means  of  a bladder  previoufly 
filled  with  it.  The  quantity  of  common  air  above 
the  fpirit  of  nitre  was  quite  trifling  in  proportion  to 
the  bulk  of  the  tube. 

In  thefe  circumftances  I obferved  that  when  the 
nitrous  acid  became  blue,  and  hardly  before,  the 
water  next  to  it  began  to  emit  bubbles  of  air.  To 
the  formation  of  this  air  (which  was  doubtlefs  ni- 
trous air)  nothing  could  contribute  but  the  effluvia 
of  the  nitrous  acid,  and  fomething  that  the  water 
itfelf  might  furnifli ; and  this  water  had  been  flowly 
^nd  carefully  diftilied  in  glafs  veflels. 
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SECTION  XIV. 

Of  the  Impregnation  of  Oils^  and  of  Spirit  of  tVine^ 
with  the  nitrous  Vapour, 

The  effe6b  of  the  impregnation  of  oils  with  the 
nitrous  vapour  is,  in  general,  the  coagulation 
of  them,  and  giving  them  a red  colour.  But  th« 
phenomena  attending  the  proceffes,  from  the  firft  to 
the  laft  ftage  of  the  impregnation,  are  very  various, 
and  not  a little  remarkable. 

Oil  of  olives  immediately  became  of  a Iky-blue  co- 
lour by  this  impregnation,  and  at  firft  was  (lightly 
warm.  After  (landing  all  night,  it  became  yellow, 
and  coagulated ; and  being  diflblved  by  heat,  it  dill 
retained  its  yellow  colour  ^ but  by  a fre(h  impreg- 
nation it  became  blue,  and  after  that  of  a light 
orange. 

After  danding  fome  weeks,  it  became  almod 
white  and  di(F ; but  was  a little  fluid  at  the  bottom 
of  the  phial,  where  it  alfo  inclined  to  a green  co- 
lour, while  the  upper  part  had  fomething  of  the  ap-, 
pearance  of frothy  as  if  fmall  bubbles  of  air  had  been 
emitted  by  it,  and  were  entangled  in  it. 


SeEI.  XIV. 


NITROUS  ACID. 


137 

A part  of  the  whale  oil  that  had  been  ufed  in 
my  firft  attempts  to  confine  the  nitrous  acid  va- 
pour, and  which  was  of  a dark  red  colour,  and 
coagulated,  being  melted,  and  put  into  another 
phial,  and  then  impregnated  again  with  frefh  nitrous 
vapour,  became  of  a deep  blue  colour.  In  cool- 
ing it  became  of  a dirty  green,  then  inclined  to 
yellow,  became  a little  fluid,  and  continued  fo. 

A quantity  of  frejh  whale  oil  became  blue  by 
this  mode  of  impregnation.  Leaving  it  to  cool, 
the  upper  part  of  it  became  ftijf,  and  aflumed  a 
light  orange  colour,  while  the  lower  part  ftill  con- 
tinued blue  and  fluid ; but  at  length  it  became  of 
a deep  orange  colour,  and  was  perfedlly  coagulated 
throughout.  By  long  keeping,  the  lower  part  of 
it  became  fluid,  while  the  upper  part  continued 
ftiff,  the  whole  of  it  looking  brown , but  the  fluid 
part  became  of  a lighter  colour  than  the  other. 

Oil  of  turpentine  prefently  became  of  a thick 
confiflence,  and  yellowifh.  Repeating  the  procefs 
fome  time  after,  all  the  upper  part  of  the  phial  was 
filled  with  denfe  white  fumes,  and  the  lower  part 
of  it  became  quite  red  and  ftiff.  At  one  time, 
during  the  procefs,  when  the  flream  of  nitrous 
vapour  was  peculiarly  copious,  there  was  a kind 
of  flight  expkfion  in  the  infide  of  the  phial.  This 
fubflancc  always  continued  very  ftiflf  and  red. 

Having 
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Having  put  a little  ejfential  oil  of  mint  into  a phial 
previoufly  filled  with  nitrous  vapour,  a violent  effer- 
velcence,  and  great  heat,  were  immediately  excited  5 
while  the  oil  prefently  became^  of  a green  colour, 
and  the  fmell  of  it  was  exceedingly  ftrong.  After- 
wards, by  throwing  more  nitrous  vapour  into  the 
phial,  this  oil  became  of  a deep  orange  colour,  was 
hardly  fluid,  but  was  femi-tranfparent.  By  long 
keeping,  however,  it  became  almofl  folid,  like  the 
oil  of  turpentine,  but  of  a brighter  colour  5 and  fo 
it  ftill  continues. 

When  thefe  kinds  of  oil,  about  two  months 
after  they  were  impregnated,  were  melted  by  the 
heat  of  the  fire,  they  all  retained  the  fame  colour. 
And  at  this  time  I obferved  that  the  folid  part  of 
the  whale  oil  fwam  in  the  melted  part,  occafioned 
perhaps  by  its  having  fome  bubbles  of  air  entan- 
gled in  it,  though  none  of  them  were  vifible. 
Each  of  thefe  kinds  of  oil  ftill  preferved  their  pe- 
culiar fmell,  though  mixed  with  that  of  the  fpirit 
of  nitre. 

Ether  received  no  change  of  colour  at  firfl  by 
this  impregnation ; but  the  upper  part  of  the  phial 
was  filled  with  a white  fume,  when  the  vapour  was 
firft  applied ; and  when  a candle  was  prefented  to 
the  mouth  of  it,  it  burned  with  a green  flame,  ex- 
actly like  a mixture  of  inflammable  and  nitrous  air. 
At  length  all  the  upper  part  of  the  fluid  became 
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of  a deep  blue  colour;  and,  obferving  it  more 
narrowly,  the  blue  appeared  to  be  entirely  feparated 
from  the  reft,  which  continued  colourlefs  at  the 
bottom,  and  was  three  fourths  of  the  whole. 

Refle6ling  upon  the  phlogifticated  air  emitted 
from  the  whale  oil,  after  being  impregnated  with 
nitrous  vapour,  in  my  attempts  to  confine  that  va- 
pour by  means  of  it,  I was  willing  to  try  whether 
a fimilar  impregnation  of  the  other  oils,  as  linjeed 
cily  and  oil  of  turpentine  would  produce  the  fame 
cffe6b;  which  I found  it  to  have.  It  was  in  this 
courfe  of  experiments,  that  I accidentally  obferved 
the  aftonifhing  eftedl  of  thefc  oils  to  decompofe 
nitrous  air^  and  leave  it  in  the  ftate  of  phlogifti- 
cated air,  of  which  an  account  has  been  given  al- 
ready. 

The  oil  of  turpentine  took  much  more  of  the 
nitrous  vapour  than  the  linfeed  oil ; but  when,  in 
the  courfe  of  the  procefs,  it  became  blue,  as  the 
other  had  alfo  done,  it  yielded  air  more  copioufly ; 
and  this,  like  the  air  from  the  whale  oil,  and  the 
linfeed  oil,  was  mere  phlogifticated  air,  without  any 
mixture  of  fixed  air. 

Not  having  a quantity  of  ether  to  make  the  ex- 
periment with  this  fpecies  of  oil,  in  the  fame  man- 
ner as  • I had  dtne  with  the  others,  I contented 
myfelf  with  impregnating  it  by  plunging  the  end 
of  the  tube,  out  of  which  the  vapour  iftiied,  into 
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a phial  containing  the  ether.  This  I did  a con- 
fiderable  time  without  any  particular  appearance ; 
but  at  length  the  ether  fuddenly  turned  green^  and 
the  moment  that  this  change  of  colour  appeared, 
air  began  to  iflue  from  it  in  torrents. 

Happening  to  make  the  effervefcence  too  vio- 
lent, at  one  time  that  I was  making  this  experiment, 
fome  of  the  nitrous  acid,  and  fmall  bits  of  the  bif- 
muth,  were  thrown  into  the  ether;  where  they 
kept  difiblving,  and  producing  air  very  copioufly. 
This  air,  when  I firft  obferved  it,  I concluded  to 
be  nitrous  air;  but  when  I colle6i:ed  a quantity  of 
it,  and  examined  it,  it  appeared  to  be  phlogifticated 
air  only:  from  which  it  was  evident,  that  ether 
had  the  property  of  inftantly  converting  nitrous  air  ^ 
into  phlogifticated  air,  or  at  leaft  of  yielding  phlo- 
gifticated air  from  the  impregnation  of  nitrous 
vapour. 

Sufpedting  at  that  time  that  the  former  of  thefe 
was  the  cafe,  and  willing  to  try  whether  the  other 
kinds  of  oil  had  the  fame  property,  I transferred  a 
quantity  of  nitrous  air  into  a phial  previoufly  filled 
with  oil  of  turpentine ; and  obferved,  that,  with  a 
very  fmaH  degree  of  agitation,  it  was  abforbed  very 
faft ; and,  being  reduced  to  one  fourth  of  its  bulk, 
was  found  to  be  mere  phlogifijpated  air.  This 
experiment  fuggefted  thole  that  have  already  been 
recited,  concerning  the  effe6l  of  oil  of  turpentine 
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upon  nitrous  air.  N.  B.  The  impregnation  of  ether 
with  nitrous  vapour  feems  to  make  it  more  volatile 
than  it  was  before. 

The  efFc6t  of  the  Impregnation  of  fpirit  of  wme 
with  the  nitrous  vapour  was  confiderably  different 
from  that  of  the  oils  above-mentioned.  When  I 
threw  a ftream  of  nitrous  vapour  upon  a quantity 
of  this  fluid  contained  in  a phial,  it  did  not  fuffer 
any  change  of  colour,  and  was  not  fenfibly  heat- 
ed ; but  when  the  flame  of  a candle  was  pre- 
fented  to  the  mouth  of  the  phial  afterwards,  a 
vapour  iffued  from  it,  which  burned  with  a greenifh 
flame. 

After  frequently  repeating  this  procels,  a quan- 
tity of  genuine  nitrous  ether y about  one  third  of  the 
whole,  was  perceived  to  leparate  itfelf  from  the 
fpirit  of  wine,  and  to  fwim  upon  the  lurf^ce 
of  it. 

Both  the  ether  and  the  fpirit  of  wine  were  ren- 
dered extremely  volatile  by  this  procefs,  the  vapour 
frequently  throwing  out  the  glafs  ftoppers  from 
the  phials  in  which  they  were  contained,  if  they 
were  not  thruft  in  very  tight ; and  bubbles  of  air 
iffued  very  copioufly  from  every  part  of  them, 
whenever  the  ftoppers  were  taken  out,  a quantity 
of  the  vapour  always  rufliing,  at  the  fame  time, 
out  of  the  phial 
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When  I made  diis  impregnation*  by  plunging 
the  tube  cut  of  which  the  vapour  ifllied  into  a. 
phial  of  this  liquor,  the  procefs  was  continued  a 
confiderable  time  before  any  thing  remarkable  ap- 
peared j but  at  length  the  liquor  turned  fuddenly 
blue,  and  boiled  with  great  violence  5 when,  im- 
mediately inverting  the  phial,  and  filling  it  up  with 
frefli  fpirit  of  wine  (in  order  to  place  it  inverted 
in  a bafon  of  the  fame)  all  the  vapour  was  agaii) 
abforbed,  except  a very  fmall  bubble.  But,  by 
the  h^lp  of  a little  warmth,  more  air  was  pro- 
duced, and  it  expelled  a great  part  of  the  liquor. 
This  air  being  transferred  to  quickfilver  did  not 
affe61:  it  3 and  upon  admitting  lime  water  to  it, 
though  one  half  of  it  was  prefently  abforbed,  the 
water  did  not  become  turbid.  Applying  the  flame 
of  a candle  to  the  mouth  of  the  veflel  in  which  it 
was  contained,  it  burned  with  a blue  flame  defeend- 
ing  pretty  rapidly  from  the  top  to  the  bottom  of 
the  velTel. 

Upon  this  I took  a quantity  of  fpirit  of  wine 
partly  impregnated  with  nitrous  vapour,  about  two 
months  before,  and  warming  it,  found  that  it  yielded 
air,  or  vapour,  in  the  fame  manner  as  in  the  lafl: 
experiment;  and  filling  a phial  with  this  liquor, 
and  inverting  it  in  a bafon  of  the  fame,  the  vapour 
iffuing  from  it  prefently  filled  almofc  the  whole  of 
the  phial.  Transferring  this  air  into  a vefTel  of 
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lime  water,  three  fourths  of  it  prefently  difappeared, 
the  lime  water  was  made  confiderably  turbid,  and 
the  refiduum  feemed  to  be  flightly  inflammable. 

At  another  time  I obferved  that  air  produced 
in  this  manner  was  phlogifticated  air,  mixed  with  fixed 
air,  and  alfo  with  the  vapour  of  ether,  which  I have 
found  to  double  the  quantity  of  any  kind  of  air. 
That  fixed  air  may  come  from  a mixture  of  fpirit 
of  wine  and  nitrous  acid,  I had  obferved  before, 
and  this  leems  to  be  a pretty  fatisfadory  proof^  or 
at  leafl:  a ftrong  prefumption,  of  fixed  air  being  a 
modification  of. the  nitrous  acid.  For  by  no, other 
treatment,  I believe,  can  fpirit  of  wine  be  made  to 
give  any  fign  of  its  containing  fixed  air. 

N.  B.  It  may  be  jufl:  worth  while  to  obferve, 
at  the  clofe.of  this  fedion,  that  whale  oil  and  olive 
oily  impregnated  with  nitrous  vapour,  dilToived 
quickfilver,  and  produced  air;  but  the  oil  of  Hir- 
-pentine  impregnated  in  the  fame  manner,  did  nor 
feem  to  affed  quickfilver.  I made  thefe  trials  by 
only  dropping  a little  quickfilver  into  the  impreg- 
nated oils,  and  obferving  whether  any  air  bubbles 
rofe  from  it. 
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SECTION  XV. 

Of  the  Impregnation  of  the  Acids ^ lAc.  with  the  ni- 
trous Vapour. 

Both  oU  of  vitriol y and  fpirit  of  falty  receive 
an  impregnation  from  nitrous  vapour,  though 
not  in  fo  great  a quantity  as  water ; and  the  effeds 
of  thefe  impregnations  are  pretty  remarkable,  and  in 
feveral  refpefts  confiderably  different  from  the  re- 
fult  of  a mixture  of  thefe  acids,  when  each  of  them 
(as  hitherto  they  always  have  been)  are  previoufly 
combined  with  water. 

Having  filled  a very  large  phial  with  the  nitrous 
vapour,  I poured  into  it  a little  oil  of  vitrioly  and 
obferved  that  the  vapour  was  imbibed,  though  very 
flowly;  but  at  length  the  red  colour  entirely  dif- 
appeared,  and  the  air  rufhed  into  the  phial  when  it 
was  opened.  Afterwards  I fully  faturated  a quan- 
tity of  flrong  oil  of  vitriol  with  the  red  vapour 
thrown  upon  it,  in  a large  phial,  frequently  fhaking 
it,  to  promote  the  faturation,  and  repeating  the  pro- 
cefs  very  frequently.  At  length  this  acid,  from 
being  quite  tranfparent,  became  of  a light  blue 
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colour;  but  in  other  refpefts  did  not  differ  much, 
to  appearance,  from  common  oil  of  vitriol,  except 
that  a white  vapour  exhaled  from  it. 

But  having  poured  a quantity  of  this  impregnated 
oil  of  vitriol  from  one  phial  into  another,  and  hav- 
ing dipped  the  empty  phial  into  a trough  of  water, 
in  order  to  rinfe  it,  I was  furprized  by  the  fudden 
burfting  out  of  a great  quantity  of  red  vapour^ 
which  dafhed  part  of  the  water  to  a confiderable 
diftance,  and  alfo  at  a prodigious  heat^  that  was  in« 
ftantly  produced  within  the  phial. 

Upon  this  I put  a fmall  quantity  of  the  impreg- 
nated oil  of  vitriol  into  an  open  drinking  glafs, 
and  gently  pouring  a little  water  upon  it,  obferved 
no  remarkable  appearance;  till,  with  a piece  of 
glafs  tube,  I began  to  ftir  and  mix  them ; when 
the  heat  immediately  took  place,  attended  with 
the  emiffion  of  a cloud  of  denfe  red  vapour : and 
thefe  appearances  increafed  with  the  agitation,  and 
intimate  mixture  of  the  water  and  this  impregnated 
o^  of  vitriol,  till  at  length  all  the  nitrous  vapour 
fecmed  to  be  expelled,  and  the  oil  of  vitriol  was 
left  as  it  was  at  firft,  only  diluted  with  water.  This 
experiment,  when  well  conduced,  is  more  remark- 
able than  it  will  be  expe6ted  to  be  found  from  this 
account  of  it.  Several  good  chemifts  of  my  ac- 
quaintance have  been  much  ftruck  with  it. 
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But  the  impregnation  of  Jpirit  of  Jolt  with  the 
nitrous  vapour,  at  the  fame  time  that  it  is  more 
cafily  effeded,  is  of  a ftill  more  remarkable  nature ; 
and  will,  I hope,  be  of  confiderable  ufe:  for  it 
makes  an  aqua  regia  of  incomparably  greater  power 
in  the  folution  of  gold  than  the  common  fort.  In 
confequence  of  this  impregnation,  the  fpirit  of  fait, 
from  being  of  a draw  colour,  prefently  becomes  of 
a very  deep  orange,  much  deeper  than  the  fpirit 
of  nitre  itfelf  can  ever  be  made,  and  the  vapour 
which  it  emits  is  peculiarly  pungent. 

But  one  of  the  mod  remarkable  circumdances 
attending  this  impregnation  is  that,  whereas  the 
common  aqua  regia  is  made  in  the  bed  inanner  by 
mixing  one  fourth  of  the  fpirit  of  fait,  with  three 
fourths  of  fpirit  of  nitre,  this  liquor,  which  is,  in  a 
manner,  nothing  but  fpirit  of  fait  (for  I did  not 
perceive  that  the  bulk  of  it  was  fenfibly  increafed 
by  the  procefs)  after  having  imbibed  a little  of  the 
nitrous  vapour,  becomes  podefled  of  all  the  pro- 
perties of  that  aqua  regia,  which  confids  chiefly  of 
fpirit  of  nitre,  and  in  much  greater  perfedion. 
For,  while  die  common  aqua  regia  will  hardly  dif- 
folve  gold  without  the  help  of  heat^  this  diflTolves  it 
with  as  much  rapidity  as  I have  almod  ever  feen  in 
any  chemical  folution  whatever,  when  it  is  perfedly 
cold.  The  quantity  of  gold  that  this  aqua  regia  is 
capable  of  dilTolving,  in  proportion  to  its  bulk,  I 
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have  never  afcertained ; but  it  feems  to  exceed  the 
common  aqua  regia  very  much  in  this  refpedt. 

This,  is  alfo  a much  cheaper  kind  of  aqua  regia 
than  the  common  fort.  For  a fmall  quantity  of 
Ipirit  of  nitre  will,  by  this  means,  communicate  a 
fufhcient  quantity  of  nitrous  vapour  to  faturate  a 
large  quantity  of  fpirit  of  fait,  v/hich  is  a very  cheap 
article  ; whereas,  in  the  common  method  of  making 
aqua  regia,  the  bulk  of  it  is  fpirit  of  nitre,  which 
in  comparifon  is  dear. 

If  nitrous  air  be  decompofed  over  a quantity  of 
Ipirit  of  fait,  in  the  manner  defcribed  in  a former 
fedlion,  it  becomes  the  fame  powerful  aqua  regia, 
by  faturation  with  the  nitrous  vapour,  which  had 
been  contained  in  the  nitrous  air.  ^ 

I thought : it  fomething  'remarkable,  that  after 
having  made  aqua  regia  by  impregnating  fpirir  of 
fait  with  nitrous  vapour,  I could  not  compofe  an 
aqua  regia  by  impregnating  fpirit  of  nitre  with  the 
vapour  of  fpirit  of  fait,  applied  in  the  fame  man- 
ner. But  though  I endeavoured  to  do  thisdn  every 
method  that  I could  think  of,  I got  no  liquor 
that  would  diffolve  gold,  or  that  was,  in  any  :re- 
Ipedt,  materially  different  from  common  fpirit  of 
nitre.  ■ • 

When  fpirit  of  fait  is  faturated  with  nitrous  va- 
pour, it  yields  air,  in  the  fame  manner  that  water 
' I-,  2 does 
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does  in  the  fame  procefs.  This  air  I caught,  and 
found  it  to  be  nitrous  air,  the'  feme  that  it  yielded 
by  water.  Part  of  the  air,  however,  was  abforbed 
by  water ; which  I imagine  muft  have  been  a mix- 
ture of  marine  acid  air^  difcharged  from  it  together 
with  the  nitrous  air. 

Water  impregnated  to  faturation  with  vitriolic 
acid  air  admits  of  this  impregnation  with  nitrous 
vapour  almoft  as  well  as  pure  water.  In  this  pro- 
cefs, which  was  performed  by  plunging  the  tube 
from  which  the  vapour  iflued  into  a phial  of  this 
impregnated  water,  ftandii^  in  a bafon  of  cold 
water  (in  order  to  prevent  its  becoming  hot,  and 
thereby  lofing  its  own  proper  air)  it  became  blue, 
and  emitted  air  very  copioufly.  Much  more  than 
the  bulk  of  the  water  had  efcaped,  when,  by  filling 
a phial  with  this  doubly- impregnated  water,  and 
inverting  it  in  a bafon  of  the  feme,  I caught  a 
quantity  of  it,  and  found  it  to  be  pure  nitrous  air. 
There  would,  no  doubt,  have  been  a mixture  of 
vitriolic  acid  air  along  with  it ; but  water  prefently 
imbibes  this  kind  of  air.  In  making  this  impreg- 
nation, the  greateft  care  fhould  be  taken  to  make 
it  retain  the  vapour  which  the  water  has  imbibed, 
by  always  keeping  the  phials  which  contain  it  clofely 
flopped,  and  alfo  by  plunging  them  in  cold  water 
as  foon  as  the  operation  is  over.  F or  otherwife  the 
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effort  of  thefe  two  very  elaftic  vapours  to  efcape 
from  the  water  would  endanger  the  burfting  of  the 
phials. 

This  water  impregnated  with  vitriolic  acid  air, 
and  fuper-impregnated  with  nitrous  vapour,  emits 
a copious  white  fume,  in  which,  as  well  as  in  its 
blue  colour,  it  refembles  oil  of  vitriol  impregnated 
in  the  fame  manner.  But  I could  not  make  oil  of 
vitriol  emit  any  nitrous  air  by  this  procefs. 

Having  made  thefe  new  impregnations,  I was 
defirous  of  obferving  the  efFedts  of  them  in  the 
Jolution  of  metals ; and  it  was  obfervable  in  general, 
that,  in  thefe  proceffes,  as  well  as  in  the  experi^ 
ments  with  the  mixture  of  acids,  the  nitrous  acicj 
produced  its  effedl  the  firft,  or  at  leaft  in  the  greap- 
eft  abundance  at  firft ; while  the  other  acids  feemed 
to  adl  their  parts  independently  of  it,  taking  more 
time  to  their  work ; but  feveral  of  the  phenomena 
were  fmgular  enough. 

The  oil  of  vitriol  thus  impregnated  readily  dif- 
folved  quickfilyer,  but  without  yielding  any  air  at 
firft.  But  when  the  whole  feemed  to  be  diffolved 
into  a thick  and  white  matter,  air  was  produced 
pretty  plentifully,  though  irregularly,  and  it  was  all 
nitrous.  The  upper  part  of  the  liquor  in  the  phial 
in  which  this  folution  was  made  was  green,  and  the 
lower  part  white.  This  oil  of  vitriol  alfo  diffolved 
Tilver,  but  would  not  touch  gold, 
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The  fpirit  of  fait  which  had  received  this  im- 
pregnation, and  which  diflblved  gold  fo  rapidly, 
as  I have  mentioned,  dilTolved  filver  alfo,  and  pro- 
duced nitrous  air.  This  liquor  alfo  diflblved  zincy 
and  produced  air  that  was  ftrongly  inflammable^ 
differing  in  nothing  from  common  inflammable  air, 
except  that  it  burned  with  a green  flame,  which 
muft  have  been  derived  from  a flight  mixture  of 
nitrous  air. 

Water  faturated  with  vitriolic  acid  air,  and  then 
with  nitrous  vapour,  would  not  diflToive  gold ; but, 
though  much  diluted  with  water,  it  yielded  air 
from  zinc,  one  meafure  of  which  and  two  of  com- 
mon air  occupied  the  fpace  of  two  meafures  and  a 
half.  The  air  thus  produced  without  heat  extin- 
guifned  a candle ; but  when  I heated  the  phial, 
I got  more  air,  which  was  fired  with  one  great^ 
explofion,  like  a mixture  of  inflammable  and  com- 
mon air  5 or  rather  like  inflammable  air  fired  in  the 
vapour  of  fpirit  of  nitre,  the  flame  defcending  to 
the  bottom  of  the  phial,  and  being  exceedingly 
bright. 

Repeating  the  experiment,  in  order  to  take  the 
air  at  different  times,  I found  that  the  firfl:  produce, 
without  heat,  after  paffing  as  little  as  poffible  through 
\vater,  burned  with  an  enlarged  flame,  a bright 
flame  in  the  center,  and  a blue  one  at  the  furface. 
Afterwards  the  air  was  wholly  inflammable,  a clear 
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bright  flame  defcending  rapidly  from  the  top  to 
the  bottom  of  the  phial ; and  the  laft  that  I could 
procure  .exadly  refembled  a mixture  of  inflam- 
mable and  nitrous  aii^,  burning  with  a green  or 
yellowifli  flame  in  the  mouth  of  the  phial,  and  at 
length  defcending  gently  from  the  top  to  the  bot- 
tom. 

At  another  time  this  doubly-impregnated  water, 
with  zinc,  produced  ftrong  nitrous  air,  afterwards 
that  which  burned  with  an  enlarged  flame,  then 
with  a flame  ftill  more  enlarged,  then  like  a mix- 
ture of  common  and  inflammable  air,  the  flame 
defcending  at  once  to  the  bottom  of  the  vefifel ; and 
the  laft  produce  was  fired  at  feveral  times,  exadtly 
like  a very  weak  inflammable  air.  - 

But  none  of  the  appearances  recited  above  are 
fo  remarkable  as  the  phenomena  produced  by  the 
vapour  which  I procured  on  diftilling  to  drynefs  a 
folution  of  gold  in  marine  acid  impregnated  with 
nitrous  vapour,  which  I have  mentioned  as  fo  ex^ 
cellent  a kind  of  aqua  regia.  The  produce  of  this 
procefs  was  an  acid  air^  of  a very  peculiar  kind ; 
partaking  both  of  the  nitrous  and  marine  acid,  but 
more  of  the  latter  than  of  the  former,  as  it  extin- 
guifhed  a candle ; but  it  was  both  extinguifhed  and 
lighted  again  with  a moftTeautiful  de6p  blue  flame. 
A candle  dipped  into  the  fame  jar  of  this  kind  of 
air,  went  out  more  than  twenty  times  fuccclTively, 
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making  a very  pleafmg  experiment.  The  quan- 
tity of  this  acid  air  is  very  great,  and  the  refiduum 
I have  fometimes  found  to  be  dephlogifticated, 
fometimes  phlogifticated,  and  at  other  times  ni- 
trous air. 

When  I endeavoured  to  receive  this  vapour  in 
quickfilver,  inftead  of  water,  the  firfl:  that  I took, 
corroded  the  quickfilver  very  much.  Having  com- 
pletely filled  a pretty  large  jar  with  the  firfl  pro- 
duce of  this  air,  the  quickfilver  prefently  rofe 
within  one  fourth  of  the  top,  which  I took  for 
granted  had  been  by  the  folution  of  mercury  in 
the  nitrous  acid ; and  therefore  I expelled  to  find 
this  air  nitrous.  But  when  I examined  it,  it  ap- 
peared to  be  mere  phlogifticated  air.  There  had 
probably  been  a produdlon  of  dephlogifticated  air, 
which  had  been  reduced  to  phlogifticated  air  by  a 
mixture  of  nitrous  air  poduced  by  the  folution  of 
the  quickfilver.  After  this,  in  the  fame  procefs, 

I filled  another  jar  half  full  of  this  air,  attended,  as 
before,  with  a great  corrofion  of  the  quickfilver ; 
but  it  rofe  no  higher,  as  it  had  done  in  the  pre- 
ceding experiment  ;^and  when  water  was  admitted 
to  it,  the  whole  of  it  was  inftantly  abforbed. 

It  was  probably  the  nitrous  vapour  that  came 
fii  ft  in  this  procefs,  and  the  marine  acid  air  after- 
wards. 


It 
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It  is  eafy  to  catch  this  curious  vapour  by  attend- 
ing to  the  courfe  of  the  procefs,  which  is  as  fol- 
lows. The  firft  thing  that  comes  over  is  the  com- 
mon air  contained  in  the  phial  (for  I always  made 
the  experiment  in  a glafs  veffel  and  a fand  heat)  then 
the  fluid  begins  to  diftil ; immediately  after  which 
comes  this  pure  acid  vapour  ; and  in  the  laft  place 
the  generated  air,  the  quality  of  which  is  various, 
but  generally  dephlogifticated. 

It  may  be  juft  worth  while,  at  the ' clofe  of  this 
fe(ftion,  to  mention  the  impregnation  of  a folution 
of  liver  of  fulphur  in  water,  and  alfo  of  alkaline  li- 
quors, with  this  vapour. 

Throwing  the  nitrous  vapour  upon  water  fatur- 
ated  with  liver  of  fulphur,  it  prefently  became  milk 
white  \ but  growing  clear,  it  became  of  a light  co- 
lour, a fubftance  in  the  form  of  curds  fwimming  at 
the  top  of  it,  and  which  was  probably  the  fame  mat- 
ter that  had  made  it  appear  fo  white  and  cloudy  at 
firft. 

Throwing  this  vapour  upon  the  volatile  JaUammo- 
niac  a white  cloud  was  immediately  produced  within 
the  phial,  and  it  continued  a long  time ; but  at  length 
it  difappeared,  and  the  liquor  became  firft  of  a flight 
orange-colour,  and  after  fome  time  was  blue.  In 
tills  procefs  the  liquor  became  very  hot,  and  fmall 
bubbles  of  air  ifllied  from  it  in  great  plenty.  Thefe, 
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had  I examined  them,  would  probably  have  been 
found  to  have  been  nitrous  air. 

* I began  the  fame  procefs  with  cauftic  alkali^  and 
obferved  that  it  imbibed  a great  quantity  of  the  ni- 
trous vapour  5 but  feeing  nothing  remarkable  in  the 
appearance  of  the  liquor,  I did  not  profecute  the 
experiment. 

The  phofphoric  acid  is  prefently  faturated  with 
nitrous  vapour,  and  affumes  a deep  indigo  blue 
colour. 

Radical  vinegar  is  alfo  foon  faturated  with  this 
vapour,  and  affumes  a light  blue. 

Spirit  of  fait  faturated  with  frefh  minium,  fo  as 
tp  be  of  a yellow  colour,  becomes  of  a deep  orange 
when  impregnated  with  nitrous  vapour. 

Spirit  of  fait  faturated  with  white  minium,  made 
fo  in  confequence  of  the  colour  being  extraded  from 
it  by  the  fpirit  of  fait,  afllimes  a light  blue  colour 
by  being  impregnated  with  this  vapour. 

Spirit  of  fait  faturated  with  red  precipitate,  or  the 
percipitate  fer  fe^  affumes  a green  colour. 

Spirit  of  fait  faturated  with  flowers  of  zinc  ac- 
quires a blue  colour,  deeper  than  a fl^y  blue,  but 
not  fb  dark  as  the  blue  of  the  phofphoric  acid. 

As  a mixture  of  the  nitrous  and  marine  acid 
rnakes  aqua  regia,  which  diffolves  gold,  I had 
thought  it  might  be  poffible,  that  common  fpirit  of 
fait,  after  diffolving  fome  of  the  nitrated  calces 

above 


Se5t.  XV. 


NITROUS  ACID. 


^55 

above  mentioned,  might  have  the  fame  property ; 
but  k had  not.  It  is  now  pretty  well  confirmed, 
that  it  is  the  marine  acid  alone,  in  the  compofition 
of  aqua  regia,  that  dilTolves  the  gold  j this  acid 
being  dephlogiflicated  by  the  fpirit  of  nitre,  which 
has  a ftronger  affinity  with  phlogifton  than  the  ma- 
rine acid  has.  - 

Precipitate  per  fe  dilTolves  with  great  rapidity  in 
fpirit  of  fait.  A quantity  of  this  folution  I impreg- 
nated with  nitrous  vapour,  on  which  the  furface  of 
the  fluid,  and  the  fides  of  the  phial,  were  inftantly 
covered  with  cryftals,  larger  than  thofe  of  the  preci- 
pitate. The  colour  of  the  liquor  was  then  of  a 
light  blue,  or  green.  Afterwards  it  aflumed  a deep 
brown,  inclining  to  yellow,  and  a great  quantity  of 
white  matter  was  depofited,  occupying  almoft  the 
whole  fpace  of  the  liquor.  This  muft,  I prefume, 
have  been  corrofive  fublimate,  the  pure  air  from  the 
precipitate  having  dephlogiflicated  the  fpirit  of  fait, 
which  is  a tieceflary  circumftance  in  this  prepara- 
tion. 
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Of  Cryflals  formed  by  the  Impregnation  of  Oil  of  Vitriol 
with  phlogifiicated  nitrous  Vapour^ 

I Have  already  obferved  the  remarkable  effeds 
of  impregnating  oil  of  vitriol  with  nitrous  acid 
vapour. 

Having  impregnated  a larger  quantity  of  the  oil 
of  vitriol  than  I made  ufe  of  in  thofe  experiments, 
I left  fome  of  it  in  a large  phial,  with  a ground  ftop- 
per,  among  other  phials  containing  things  for 
which  I had  no  immediate  ufe.  But  though  my 
procefs  was  over,  that  of  nature  was  not.  Happen- 
ing to  be  looking  at  it  on  the  1 9th  of  March  fol- 
lowing, perhaps  about  fix  months  after  the  impreg- 
nation, I found  what  I was  far  from  having  expedted, 
viz,  that  almoft  the  whole  was  cryftallized,  a very 
fmali  part  only  of  the  contents  of  the  phial  remaining 
liquid.  The  cryflals  looked  exadlly  like  ice,  and 
e?:hibited  all  the  appearances  that  I had  before  ob- 
ferved to  attend  the  fimple  impregnation  of  the  vi- 
triolic acid  with  nitrous  vapour,  but  in  a much. more 
elegant  manner.  For  on  dropping  a piece  of  this 
I ice 
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ice' into  pure  water,  it  became  green,  and  efFer- 
vefced  with  great  violence  ; and,  what  made  a 
beautiful  and  ftriking  phenomenon,  all  the  water  in 
which  the  ice  was  diffolved  began  inftantly  to  Ipar- 
kle,  with  the  Ipontaneous  and  copious  produdlion 
of  air.  With  the  help  of  a little  heat,  this  produc- 
tion of  air  was  fb  great,  that  the  quantity  was  more 
than  a hundred  times  the  bulk  of  the  ice  that  had 
been  diflblved.  It  was  the  pureft  nitrous  air.  In 
fad,  a great  quantity  of  nitrous  vapour  was,  as  it 
were,  imprifoned  in  this  oil  of  vitriol,  and  being 
fuddenly  fet  loofe,  on  being  plunged  in  the  water, 
it  impregnated  the  water  in  the  fame  manner  as  I 
have  obferved  that  the  nitrous  vapour  never  fails  to 
do. 

The  application  of  beat  made  this  ice  emit  adenle 
red  fume  j but  holding  a quantity  of  it  in  a glals 
veffel  over  a candle,  it  prefently  melted,  emitting 
bubbles  ; and  then,  letting  it  Hand  to  cool  gradu- 
ally, it  cryftallized  very  fuddenly,  when  it  was  about 
blood  warm.  It  was  in  this  fecond  congelation 
much  more  opaque,  and  denfer  than  it  had  been  in 
the  former.  When  this  ice  was  dilToIving  with 
heat,  the  fume  it  emitted  was  not  red,  but  white, 
and  exceedingly  denfe,  like  oil  of  vitriol  in  vapour. 
After  it  had  been  kept  diffolved,  and  in  a boiling 
heat,  fome  time,  it  did  not  cryftallize  afterwards, 

but 
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but  continued  fluid  and  tranfparent  \ being  then, 
probably,  mere  oil  of  vitriol. 

I have  not  yet  been  able  to  invefligate  all  the  cir- 
cumftances  neceflTary  to  this  remarkable  cryftalliza- 
tion,  having  originally  found  it  when  I had  no  ex- 
pedlation  of  any  fuch  thing,  and  having  often 
failed  to  find  it  when  I have  expefted  it  the  moft. 
All  that  I can  do,  therefore,  is  to  recite  what  I 
have  obferved,  with  all  the  circumftances  that  I can 
recoiled  relating  to  the  appearances. 

> I had  kept  about  half  an  ounce  meafure  of  oil  of 
vitriol,  not  quite  faturated  with  nitrous  vapour,  in 
a fmall  phial,  with  a ground  Hopper,  about  a year, 
in  ail  which  time  it  had  (hewed  no  tendency  to  cryf- 
tallization,  and  from  its  imperfect  impregnation  I 
had  not  expeded  it  I was  intending  to  complete 
the  impregnation,  and,  looking  at  the  phial,  had 
taken  out  the  Hopper,  and  put  it  in  again,  deferring 
the  procefs  till  the  day  following,  when  I found  the 
phial  almoH  filled  with  the  moH  beautiful  cryHalli- 
zations  imaginable. 

Their  form,  as  nearly  as  I can  deferibe  it,  was 
that  of  a feather.  They  were  about  twenty  in  num- 
ber, fome  of  them  as  large  as  the  phial  could  con- 
tain, and  many  of  them  parallel  to  each  other,  but 
others  lying  in  different  diredions.  The  two  parts, 
as  it  were,  of  the  feather  made  an  angle  with  each 
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other  of*  about  160  degrees,  and  each^of  the  Angle 
fibres  that  compofed  the  feather,  but  which  were 
conneded,  like  the  toes  of  a duck’s  foot,  by  the 
fame  fubftance  (but  thinner,  and  more  tranfparent 
than  the  reft)  made  an  angle  with  the  ftem  from 
which  they  arofe  of  about  forty  five  degrees.  A 
more  beautiful  appearance  can  hardly  be  imagined, 
and  I am  afraid  I ftiall  never  fee  the  lik^  again. 

Having  obferved  thefe  cryftals  fome  days,  and 
feeing  no  farther  change  in  them,  or  in  the  liquor 
which  covered  them,  and  which  rofe  about  a quar- 
ter of  an  inch  above  them,  I poured  the  liquor 
from  the  cryftals,  and  for  fome  time  they  continued 
upright,  exhaling  a red  vapour,  which  filled  the 
phial,  and  at  length  very  much  clouded  and  obfcur- 
ed  it.  This  liquor  exadly  refembled  ftrong  fmok- 
ing  fpirit  of  nitre,  and  feeitied  to  have  nothing  of  the 
vitriolic  acid  in  it. 

After  fome  time  the  Cryftals  feemed  to  decay,  and 
funk  down  in  the  phial,  filling  up  all  the  interftices 
that  had  been  among  them,  fo  as  to  make  one  com^ 
pa(5t  mafs,  without  any  thing  of  the  beautiful  ap- 
pearance that  they  made  before.  Hoping  to  repair 
the  injury  they  had  fuftained,  and  to  reftore  their 
beauty,  1 filled  up  the  phial  with  frefti  oil  of  vitriol 
ftrongly  impregnated  with  nitrous  vapour,  but  it  had 
no  fenfible  effed,  nor  did  any  more  cryftals  of  the 

5 fame. 
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fame,  or  of  any  other  form,  flioot  out  from  them 
in  many  months. 

Having  another  phial  of  oil  of  vitriol  partly  im- 
pregnated with  nitrous  vapour,  and  of  about  the 
fame  {landing  with  the  former,  I examined  it,  and 
found  it  half  filled  with  cryflals,  but  thefe  lay  all 
confufedly  at  the  bottom  of  the  phial,  and  though  in 
feparate  pieces,  of  no  uniform  ihape. 

After  this  1 impregnated  three  different  quantities 
of  oil  of  vitriol  with  nitrous  vapour.  One  was  very 
ftrongly  concentrated,  having  diftilled  off  about  half 
the  quantity  of  the  befl  common  fort,  the  fecond 
was  both  diftilled  and  concentrated,  and  the  third 
was  only  of  a medium  ftrength,  and  the  common 
fort,  but  colourlefs.  I kept  all  thefe  in  the  fame 
fituation,  and  in  about  a fortnight  that  which-  had 
been  fimply  concentrated  began  to  cryftallize,  and  in. 
about  a fortnight  more  the  phial  was  half  filled 
with  cryftals,  fome  of  them  in  the  form  of  feathers, 
but  lying  in  different  diredlions,  and  not  detached 
from  each  other,  but  forming  a compact  mafs. 

In  this  ftate  I left  them,  being  obliged  to  be  ab- 
lent  from  my  laboratory  about  three  months ; and 
at  my  return  I found  ail  the  phials  foil  of  cryftals, 
but  generally  in  folid  maffes,  with  few  foch  fea- 
thers as  I have  deferibed  above,  and  thofe  very  iliort 
ones. 
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Imagining  that  this  lingular  cryllallization  might 
pofTibly  be  accelerated  by  expofing  the  impregnated 
vitriolic  acid  to  heat,  I took  a quantity  of  it 
which  had  continued  a conliderable  time  with- 
out cryftallizing,  and  confined  it  in  a glafs  tube 
three  feet  long,  and  half  an  inch  in  diameter. 
Then  holding  it  to  the  fire,  I obferved  that  the  acid 
emitted  red  vapour,  which  filled  the  whole  tube, 
exadly  as  would  have  been  the  cafe  with  fpirit  of  ni- 
tre itfelf.  When  it  was  cold  many  fmall  cryftals 
were  fcattered  all  over  the  tube  above  the  furface 
of  the  liquor,  and  the  upper  part  of  it  was  red ; be- 
ing, I fuppofe,  the  fpirit  of  nitre  that  had  been 
driven  out  of  it  by  the  heat,  as  being  more  volatile 
than  the  vitriolic  acid. 

I have  already  obferved  that,  to  appearance,  the 
vitriolic  acid  impregnated  with  nitrous  vapour,  was 
nothing  but  nitrous  acid,  after  the  complete  forma- 
tion of  the  cryftals,  and  by  experiment  I found 
it  to  be  fo.  For  diluting  it  with  water,  and 
diflblving  iron  in  it,  in  a phial  with  a ground  ftop^ 
per  and  tube,  in  the  manner  in  which  I ufually  pro- 
duce nitrous  air,  it  yielded  this  kind  of  air  only, 
without  any  mixture  of  inflammable  air  j which  I 
have  formerly  obferved  is  the  cafe  when  the  vitriolic 
and  nitrous  acids  are  mixed  together,  and  employ- 
ed in  the  folution  of  iron,  the  nitrous  air  coming 
6rft,  and  the  inflammable  air  afterwards. 
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Here,  indeed,  a very  fmall  quantity  of  the  laft 
produce  burned  with  a lambent  flame ; but  this  I 
have  obferved  to  be  the  cafe  with  the  laft  produce 
from  iron  and  the  nitrous  acid  only,  when  the  pro- 
cefs  was  urged,  as  it  was  now,  with  the  flame  of  a 
candle.  The  water,  when  this  acid  was  mixed  with 
it,  fparkled  very  much,  yielding,  I doubt  not,  ni-  ' 
trous  air.  But  this  circumftance  only  proves  it  to 
have  been  highly  charged  with  phlogiflicated  nitrous 
vapour. 

Here  then  is  a cafe  in  which  the  nitrous  acid  ap- 
pears to  have  a ftronger  affinity,  with  water  than  the 
vitriolic  5 for  in  a courfe  of  time,  it  intirely  expels 
the  vitriolic  acid  from  it,  and  unites  with  it  itfelf ; 
all  the  vitriolic  acid  being  precipitated  in  the  cryftals 
that  confift  of  both  the  acids. 

Cryftals  flmilar  to  thefelmay  be  produced  at  plea- 
fure,  if  the  vitriolic  acid  be  highly  concentrated, 
and  the  nitrous  vapour  very  copious ; but  they  will 
appear  on  the  fides  of  the  phial,  and  not  in  the  body 
of  the  acid  itfelf. 

When  the  vitriolic  acid  is  nearly  faturated  with 
the  nitrous  vapour,  hold  the  phial  (which  ffiould  be 
a large  one,  containing  about  a quart)  and  turn  it  lb 
as  to  moiften  all  the  infide  of  it.  Then  immediately 
throw  in  a very  copious  nitrous  vapour,  fo  that  the 
whole  phial  lhall  be  intenfely  red,  and  running  over ; 
after  which  put  in  the  ftopper,  and  let  it  remain  quite 
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ftill.  The  tipper  part  of  the  oil  of  vitriol  will  then 
be  of  an  orange  colour,  and  all  the  fides  of  the 
phial,  and  efpecially  the  parts  towards  the  bottom, 
will  foon  be  quite  covered  with  thofe  cryftals,  but 
of  different  fizes.  By  degrees  they  will  be  formed 
on  the  furface  of  the  acid  ; but  in  a few  hours  af- 
terwards, when  the  nitrous  ^vapour  is  equally  dif- 
tributed  through  the  body  of  the  oil  of  vitriol,  all 
.thefe  cryftals  will  difappear. 

By  repeating  this  procefs,  one  half  of  the  whole 
body  of  vitriolic  acid  will  be  cryftallized  in  an  irre- 
gular manner,  as  if  it  was  congealed.  When  I have 
poured  the  whole  of  this  femi- congealed  mafs  into  a 
fmaller  phial,  juft  large  enough  to  contain  it,  the 
coagulated  part  has  fubfided  to  the  bottom,  and 
other  cryftals  have  gradually  formed,  fhooting  with 
fome  regularity  from  it  into  the  middle  of  the  fu- 
perincumbent  liquid,  which  has  always  become 
more  pellucid,  and  approached  more  to  the  colour 
of  fpirit  of  nitre,  in  proportion  as  the  cryftals  have 
extended  themfelves. 

F inding  that  all  the  acid  of  vitriol  was  contained 
in  the  cryftals,  and  that  the  fuperincumbent  liquid 
became  in  time  pure  fpirit  of  nitre,  I was  defirous 
of  knowing  whether,  if  there  ftiould  be  any  phlo- 
giftic  matter  previoufly  contained  in  the  oil  of  vi- 
triol, the  phlogifton  would  be  retained  in  the  cryf- 
tals, or  pafs  into  the  fpirit  of  nitre. 
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With  this  view  I difTolved  a fmall  quantity  of 
bees-wax  in  highly  concentrated  oil  of  vitriol,  mak- 
ing it  thoroughly  black,  and  greatly  increafing  its 
vifcidity ; and  afterwards  I impregnated  it  with  ni- 
trous vapour,  and  fhut  it  clofe  up  in  a fmall  phial. 
After  fome  weeks  the  cryilals  began  to  form,  and 
they  were  intirely  white,  juft  as  if  the  vitriolic 
acid  had  been  pure.  The  procefs  is  not  yet  corn- 
pleated  ; but  I exped  that  the  nitrous  acid  will 
be  highly  phlogifticated.  Does  not  this  experi- 
ment feem  to  prove,  that  the  nitrous  acid  has  tu 
ftronger  affinity  with  phlogifton  than  the  vitri- 
olic ? The  fatft  is  certainly  a pretty  remarkable 
one. 
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SECTION  XVII. 

Of  the  AElion  of  Nitrous  Vapour  upon  fome  folid 
Suhftances. 

WITH  relpe6t  to  the  articles  mentioned  in  the 
tide  of  this  fection^  I have  not  done  much ; 
but  fome  of  the  obfervations  that  I have  made  will 
be  found  to  be  curious. 

Confidering  the  extraordinary  flrength  of  the  ma- 
rine acid  vapour,  I was  defirous  of  trying  whether 
the  nitrous  acid  in  the  fame  form  would  have  the 
lame  power,  viz.  that  of  decompofmg  fubftances 
into  which  the  vitriolic  acid  entered  \ and  I rnade 
the  experiments  upon  fulphur,  and  alum.  But  it 
did  not  appear  that  the  vitriolic  acid,  in  either  of 
thefe  cafes,  was  diflodged  by  the  nitrous  y owing, 
perhaps,  to  the  nitrous  acid,  in  this  cafe,  being  par- 
tially fatu rated  with  phlogifton,  though  uncombined 
with  water.  The  fulphur  was  unchanged,  but  the 
alum  was  rendered  white  and  opaque  i an  effefl 
which  I have  obferved  to  be  produced  by  alkaline 
air  5 the  acid  in  this  cafe,  as  the  alkali  in  that,  hav- 
M 3 . ing 


i66  OBSERVATIONS  ON  Part L 

ing  feized  upon  the  water  that  is  contained  in  this 
faline  fubftanee. 

Common  Jalt  imbibed  this  nitrons  vapour  ; but 
whether  its  acid  was  diflodged,  or  its  water  only  was 
feized  upon,  I did  not  examine. 

As  fpirit  of  nitre  mixed  with  earth  yields  dephlo- 
gifticated  air,  I was  willing  to  try  whether  the  ni- 
trous vapour,  without  water,  would  have  the  fame 
effedt ; and  I made  the  trial  with  flowers  of  zincy 
and  red  lead ; the  former  being  of  a darkilh  colour, 
and  containing,  I believe,  more  phlogifton  than  the 
whiter  flowers  of  zinc. 

Having  frequently  thrown  a ftream  of  this  vapour 
upon  a quantity  of  thefe  flowers  of  zincy  I put  them 
into  a gun  barrel ; and  from  one  ounce,  one  penny- 
weight, fix  grains,  weighed  after  the  faturation  (for 
I had  negledled  to  do  it  before)  I expelled  only  fix 
or  eight  ounce  meafures  of  air,  half  of  which  was 
fixed  air,  and  the  remainder  phlogifticated ; owing, 
perhaps,  to  the  gun  barrel,  but  perhaps  alfo,  in 
part,  to  the  phlogifton  contained  in  this  calx.  The 
materials  carefully  colledbed  afterwards  weighed  one 
ounce  leventeen  grains. 

But  the  efFedl  of  this  vapour  upon  red  lead  is  ex- 
ceedingly remarkable.  Common  fpirit  of  nitre  mix- 
ed with  this  fubftanee  makes  it  of  a deeper  red,  till 
at  laft  it  is  almoft  blacky  but  the  nitrous  vapour, 
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after  deepening  the  colour  of  it  a little,  changes  it  into 
a perfedly  white  and  brittle  fubjtarue,  at  the  fame 
time  heating  it  exceedingly. 

To  produce  this  change  in  the  red  lead^  I founds 
after  many  trials,  that  I fucceeded  bell  by  firft 
flightly  moiftening  the  infide  of  a glafs  jar,  and,  by 
applying  the  red  lead  to  every  part  of  it,  giving 
the  jar  as  thick  a coating  of  it  as  I could  ; and  af- 
ter this  throwing  the  vapour  into  it,  by  inferring  the 
tube  through  which  it  ilTued  very  deep  into  the  jar. 
By  this  means  there  was  expofed  to  the  nitrous  va- 
pour furface  enough  to  imbibe  it  all,  without  fuffer- 
ing  any  part  of  it  to  go  over  the  mouth  of  the  jar. 
It  is  remarkable  that,  in  this  experiment,  the  red 
lead  that  is  neareft  to  the  glafs  becomes  white  firft ; 
and  it  adheres  to  the  glafs  fo  clofely,  as  to  require 
' the  edge  of  a ftiarp  knife  to  fcrape  it  off.  ‘ 

I thought  that  by  filling  the  fet  of  phials  with  red 
lead,  and  making  the  vapour  pafs  through  them  all 
in  fucceffion,  I ftiould,  in  the  eafieft  manner,  get  a 
quantity  of  this  new  kind  of  white  lead.  But  I 
only  found,  after  continuing  the  procefs  a confider- 
able  time,  that  the  red  lead  in  the  firft  phial  be- 
came very  flightly  white,  juft  at  the  bottom  where 
the  vapour  entered  it,  and  aifo  in  a circle  clofe  to 
the  glafs  at  the  top ; and  that  near  the  top  pf  the 
fecond  phial  there  was  a fimilar  circle,  but  not  near 
fo  white,  while  the  reft  of  the  lead  was  of  a darker 
M 4 colour. 
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colour.  But  the  whole  quantity  was  confiderably 
increafed  in  weight  by  this  means. 

Being  willing  to  examine  what  air  this  white  lead 
would  yield,  I firft  put  a quantity  of  it  into  a gun 
barrel,  and  prefently  found  that  it  yielded  a very 
great  quantity  of  air,  the  firft  produce  of  which  was 
nitrous,  and  the  laft  dephlogifticated.  After  the 
procefs  the  materials  had  become  leady  exadly  as 
red  lead  ufed  to  do  in  the  fame  degree  of  heat. 

I then  put  into  a glafs  veftel  a quantity  of  this 
white  lead,  weighing  one  ounce,  one  pennyweight, 
feventeen  grains.  The  produce  was  forty  four 
ounce  meafures  of  air ; of  which  a fmall  part  at  the 
firft  was  phbgifticated,  but  all  the  reft  was  exceed- 
ingly pure.  After  the  procefs  the  materials  weighed 
feventeen  pennyweights,  as  near  as  I could  eftimate 
it,  for  the  lower  part  of  the  materials  were  vitrified, 
and  could  not  be  feparated  from  the  bottom'  of  the 
glafs  veftel.  The  reft  of  the  materials  that  had  not 
been- vitrified  were  of  the  fame ' confiftence,  and.  co- 
lour, with  that  which  remains  after  the  fame  pro- 
cefs with  red  lead,  with  or  widiout  fpirit  of  nitre, 
viz.  the  upper  part  red,  and  the  lower  yellow. 

Though  this  white  lead  was  perfedly  dry  and  brit- 
tle, a confiderable  quantity  of  moifture  came  over 
during  the  procefs,  at  firft  tranfparent,  but  after- 
wards yellow  i and  the  infide  of  the  glafs  tube  through 
which  the  air  and  moifture  were  conveyed,  was 
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coated  with  a white  fubftance,  but  next  to  the  glafs 
veffel  it  was  yellow.  The  air  had  been  exceedingly 
turbid,  and  the  water  employed  to  coiled  it  was  very 
acid,  and  yielded  much  air ; which,  no  doubt,  was 
nitrous. 

Another  courfe  of  experiments  on  the  prefence 
of  nitrous  acid  in  the  calces  of  metals,  throwing 
light  on  the  impregnation  of  minium  with  phlo- 
gifticated  nitrous  acid  vapour,  I fliall  infeit  them 
in  this  place. 

All  the  nitrous  metallic  falts  have  been  diftin- 
guilhed  by  their  property  of  deliquefcence  5 but  in  my 
experiments  with  a long  continued  fand  heat,  I pro- 
duced two  of  thefe  faline  fubftances,  which  did  not 
deliquefce  at  all.  They  were  produced  from  di- 
luted folutions  of  copper  and  of  mercury  in  the 
nitrous  acid.  The  cryftailizations  were  formed 
during  the  adion  of  heat,  in  glafs  vefTels  hermeti- 
cally fealed ; and  they  were  dilTolved  again  in  the 
fame  menftruum,  when  it  was  cold.  But  when 
the  vefTels  were  broken,  and  the  faline  fubftances 
were  expofed  to  the  air,  they  attraded  no  humidity 
at  ail ; and  yet  they  were  not  mere  calces,  becaufc 
they  were  exceedingly  cauftic,  and  had  a moft  dif- 
agreeable  tafte.  I have  fince  produced  a faline 
fubftance  of  this  kind  from  iron  in  a much  lefs  fpace 
of  time,  and  the  examination  of  it  may  throw  fome 
light  on  the  conftitution  of  the  others. 
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A diluted  folution  of  iron  in  nitrous  acid,  being 
only  expofed  one  day  to  a pretty  ftrong  fand  heat, 
in  a glafs  tube  hermetically  fealed,  all  the  iron 
feemed  to  be  precipitated,  and  the  liquor  was  left 
nearly  colourlefs.  This  liquor  afterwards  diiTolved 
iron  as  before,  fo  that  the  adion  of  heat  in  thefe 
circumftances,  viz.  under  a ftrong  preflure,  and 
when  nothing  can  efcape  into  the  open  air,  feems 
to  oblige  the  acid  to  quit  its  hold  of  the  metal, 
in  a great  meafure.  It  is  indeed  the  property  of 
nitrous  folutions  of  iron,  that  they  will  always  make 
a depofit,  and  then  dilTolve  more  iron,  I believe 
without  limit ; but  then  the  colour  of  the  acid 
always  continues  red. 

By  this  procefs,  therefore,  this  remarkable  pro- 
perty of  the  nitrous  acid  feems  to  be  increafed  with 
refpe6t  to  iron,  and  may  perhaps  be  extended  to 
the  other  metals. 

The  iron  precipitate  was  by  no  means  a mere 
calxv^^for  it  had  a very  acrid  tafte. 

With  coppel:  a conliderable  time  feems  to  be 
abfoiutely  requifite  to  produce  thefe  non-deliquef- 
cent  cryftals,  as  appears  from  the  following  ex- 
periment which  was  likewife  attended  with  fome 
other  circumftances,  that  I am  not  able  to  explain, 
A quantity  of  a weak,  but  faturated  folution  of  cop- 
per in  fpirit  of  nitre,  which  had  been  expofed  to  a 
fand  heat  about  a week,  and  in  which  fome  cryftals 
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were  formed,  had  many  more  cryftals  formed  in 
it;  fo  as  to  become  like  a thin  pafte,  prefently 
after  it  was  poured  out  of  the  tube.  But  when 
the  whole  mafs  was  diflblved  by  heat,  in  the  open 
air,  and  then  dried,  it  became  perfe6lly  deliquef- 
cent  5 unlike  that  which  had  cryftallized  before  in 
a longer  continued  heat. 

That  excellent  philofopher,  and  moft  amiable 
man,  Mr.  Fabroni,  who  is  as  communicative  as  he 
is  intelligent,  informed  me  that  the  calx  of  tin 
would  dephlogifticate  Ipirit  of  nitre,  and  leave  it 
colourlefs.  This  I found  to  be  true ; but  then  I 
found  that,  together  w‘ith  its  colour,  the  acid  loft 
almoft  all  its  ftrength.  And  trying  other  metals, 
I prefently  found  that  the  earths  of  all  of  them 
have  a remarkably  ftrong  affinity  with  the  nitrous 
acid,  and  firmly  uniting  with  it  and  a little  water 
with  which,  it  is  combined,  make  together  a per- 
fedly  dry  fubftance,  quite  unlike  what  it  was  be- 
fore ; the  water  being  no  more  apparent,  than  it  is 
in  dry  flaked  lime.  But  heat  will  difcover  the 
water  in  both  the  cafes. 

Of  this  kind  of  calx,  which  I think  we  may- 
properly  term  nitrated^  is  the  white  minium,  which 
I had  before  procured  by  faturating  red  lead  with 
nitrous  vapour ; the  phenomena  of  which,  as  I have 
found  them  to  extend  to  other  metals,  I now  un- 
derftand  better  than  I did  before.  I thought  it 
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fomething  extraordinary,  that  a red  fiibftance,  like 
minium,  fhould,  by  the  addition  of  a red  and  highly 
phlogifticated  vapour,  become  a white  fubftance. 
But  I find  that  all  the  metallic  calces  on  which  I 
have  tried  the  experiment  do  alfo  become  white, 
when  they  are,  in  like  manner,  faturated  with  fpirit 
of  nitre ; and  that  this  may  be  effedled  by  a much 
eafier  procefs  than  I thought  of  before. 

The  produdfion  of  the  red  vapour  of  fpirit  of 
nitre  by  means  of  bifmuth,  and  other  metals  of 
which  it  makes  a rapid  folution,  will  be  a difficult 
and  unpleafant  procefs  to  moft  perfons  \ and  thofe 
who  are  moft  expert  in  experiments  of  this  kind, 
will  be  obliged  to  make  feveral  trials  before  they 
fucceed  to  their  wifh,  in  fome  of  the  experiments 
that  I have  reported.  But  I now  make  all  thefe 
nitrated  calces  by  means  of  the  fimple  diftilla- 
tion  of  weak  faturated  folutions  of  any  of  the 
metals. 

In  this  procefs  the  greateft  part  of  the  water  is 
evaporated,  and  the  acid,  together  with  a fmall  por^. 
tion  of  the  water,  firmly  unites  with  the  calx  of  the 
metal,  and,  together  with  all  the  phlogifton  that 
the  m.etal  contained,  is  depofited  in  the  form  of  4 
white  powder,  which  is  incapable  of  being  re-dif- 
folved,  either  in  the  fame  menftruum,  or  in  water. 
This  depofit  of  white  matter  is  made  during  the 
whole  courfe  of  the  diftillation,  in  which  nothing 
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comes  over  but  water ; and  the  whole  of  the  me- 
tallic calx  becomes  a white  nitrated  powder,  as  de- 
fcribed  above.  This,  at  leaft,  is  the  cafe  with 
copper ; and  though  I did  not  make  the  experi- 
ment in  the  fame  manner  with  tin-^  the  phenomena, 
in  a fimilar  procefs,  were  the  very  fame.  There 
will  probably,  however,  be  confiderable  differences 
when  the  procefs  is  extended  to  other  metals.  ' 

In  diftilling  a quantity  of  that  folution  of  copper, 
which  remains  after  making  nitrous  /air  (of  which 
about  one  twentieth  part  is  ftrong  fpirit  of  nitre, 
and  the  reft  water)  but  fully  faturated,  there  came 
over  a tranfparent  liquor,  which  had  little  or  no 
tafte  ; and  from  the  very  beginning  of  the  procefs, 
I obferved  a conftant  depofition  of  white  matter, 
which  kept  increafing,  till  the  greateft  part  of  the 
fluid  was  expelled.  This  matter  I colledted  and 
dried,  when  it  remained  a perfeddy  white  powder, 
but  was  eafily  difcovered  to  contain  much  con- 
centrated nitrous  acid.  For  when  I expofed  it  to 
heat  in  a glafs  tube,  it  emitted  a copious  red  vapour, 
together  with  a good  deal  of  liquid;  and  exhibited 
all  the  phenomena  that  1 had  before  difcovered  in 
white  nitrated  minium,  and  in  the  calx  of  tin,  on 
which  I had  diftilled  fpirit  of  nitre.  For,  begin- 
ning with  the  idea  that  Mr.  Fabroni  had  given  me, 
I firft  put  the  fpirit  of  nitre  upon  the  calx  of  tin, 
and  afterwards  upon  the  tin  itfeif;  but  I had  the 
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fame  produce  of  white  nitrated  powder  at  the  lad. 
That  calx  of  tin  which  was  yellow  was  made  per- 
fe6tly  white  by  the  diftillation  of  Ipirit  of  nitre 
upon  it. 

The  experiment  of  lead  I made  in  a different 
manner,  as  follows.  I diffolved  feven  pennyweights 
of  lead,  in  fpirit  of  nitre  mixed  with  about  an  equal 
quantity  of  water,  when  fome  air  was  produced, 
but  not  much.  The  bulk  of  what  remained  was 
a white  powdery  fubftance,  covered  with  a fmall 
quantity  of  liquid,  at  firft  green,  but  afterwards 
tranfparent.  Transferring  the  whole  into  a cup, 
and  rincing  the  phial  in  which  the  folution  had  been 
made,  I obferved  that  the  white  fubftance,  which 
was  nitre  of  leady  was  immediately  diffolved  by  the 
water.  Placing  the  cup  in  which  the  whole  was 
contained  near  the  fire,  it  became  almoft  all  liquid, 
and  tranfparent,  the  menftruum  being  enabled  by 
heat  to  hold  in  folution  a much  greater  quantity  of 
this  nitre  of  lead. 

When  by  this  expofure  to  heat,  all  the  moiflure 
was  evaporated,  and  it  was  made  perfedtly  dry,  it 
weighed  eight  pennyweights,  fo  that  there  was  an 
addition  of  one  pennyweight  from  the  acid  and  the 
water  that  were  now  latent  in  this  calx.  In  this 
manner,  however,  it  was  brought  to  the  fame  ftate 
with  the  nitrated  calces  of  copper  and  tin  above- 
mentioned.  For  when  heat  was  applied  to  this 
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white  fubllance,  a red  vapour  was  expelled  from  it, 
but  feemingly  combined  with  more  water. 

Having,  in  this,  or  fome  other  fimilar  manner, 
procured  white  nitrated  calces  of  lead^  zinc,  copper^ 
and  tiny  I inclofed  a little  of  each  in  feparate  glafs 
tubes  5 and  then,  with  a blow  pipe,  applied  to  them 
the  flame  of  a candle ; when  they  all  emitted  red 
vapour,  and  as  foon  as  the  tubes  were  quite  filled 
with  it,  I clofed  them  all  hermetically,  before  any 
air  could  be  admitted. 

Letting  thefe  tubes  remain  fome  days,  I obferved 
that  the  red  vapour  was  re-abforbed  by  all  the  calces, 
but  lefs  flowly  by  the  calx  of  lead  than  by  thofe  of 
tin  or  copper,  and  mod:  quickly  by  that  of  zinc. 
N.  B.  I found  it  exceedingly  difficult  to  expel  all 
the  moifture  from  the  folution  of  zinc  in  fpirit 
of  nitres  but  when  this  was  effedled,  I had  a 
true  nitrated  calx  of  this  metal,  as  well  as  of  the 
reft. 

This  experiment  difcovered  to  me  a mlftake  I 
was  under  with  refpedl  to  my  laft  diredions  for 
filling  of  glafs  tubes  with  the  red  vapour  of  fpirit 
of  nitre.  Inftead  of  doing  it  diredly,  from  the 
folution  of  bifmuth,  which  is  a difficult  and  dif- 
agreeable  operation,  I advifed  to  procure,  in  the  firft , 
place,  a quantity  of  what  I now  call  nitrated  calx  of 
lead ; and  putting  fome  of  it  into  a glafs  tube,  clofed 
at  one  end,  to  heat  it  till  the  whole  tube  be  filled 
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with  the  red  vapour,  and  then  immediately  to  feal 
it  hermetically.  This  dire6tion  will  ftill  be  right, 
provided  that  prefently  afterwards  that  end  of  the 
tube  which  contains  the  nitrated  calx  of  lead  be 
taken  off,  by  melting  the  tube  juft  beyond  it,  which 
indeed  I then  alfo  advifed  to  do,  though  1 had 
not  difcovered  the  principal  reafon  for  it.  For 
if  the  white  calx  from  which  the  red  vapour  was 
expelled  be  fuffered  to  remain  long  in  the  tube, 
it  will  re-imbibe  the  whole  of  it.  But  then  the 
vapour  may  be  expelled  again  by  heat,  and  will 
continue  to  fill  the  tube  a confiderable  time. 

When  I firft  produced  the  nitrated  calx  of  lead. 
It  was  by  means  of  a rapid  folution  of  pieces  of  bif- 
muth  j and  the  vapour  was  conveyed  immediately 
from  the  veffel  in  which  the  folution  was  made, 
through  a bent  tube  connected  with  it,  into  the 
other  veffel,  in  which  I hadv  placed  the  red  lead. 
But  this  vapour,  as  1 then  obferved,  was  by  no 
means  dry;  and  fm all  drops  of  a very  blue  fpirit 
of  nitre  were  frequently  failing  from  the  end  of  the 
tube  out  of  which  the  vapour  ilfued.  This  degree 
of  moifture  1 find  greatly  facilitates  the  abforption 
of  the  vapour. 

Willing  to  try  the  effe6b  of  a perfedlly  dry  nitrous 
vapour,  I made  the  folurion  with  the  apparatus 
defcribed  PI.  V.  fig.  3,  interpofing  one  of  the  in- 
verted phials  between  the  two  veffels  that  I made 
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life  of 'before;  and  at' firft  I- concluded ‘that  this' 
dry  vapour  would' -not  be  i'mbibed  by  the  minium' 
at  all.  But  I found,  after  fome  days,  during  which' 
it  had  been  confined  in  a*  phial -with  a-  ground  ftop- 
per,  together  with  fome  minium,  that  it  was  com- 
pletely abforbed,  and  the  red  lead  became  white  as 
before. 


• i SECTION  xvm. 

<■  ' I . 

Of  the  firing  of  inflammable  Air  in  the  Vapur  of 
' nitrous  Acid. 

‘ * r V ' ' i ■ 

CONSIDERING  inflammable  air  at  firfl:  as  air 
united  to^  or  loaded  with  phlogifton,  I expofe4 
to  it  feveral  fubftances,  which  are  faid  to  have  a near 
affinity  with  phlogifton,  as  oil  of  vitriol,  and  fpirit  of 
nitre  (the  former  for  above  a month)  but  without 
making  any  fenfible  alteration  in  it. 

I obferved,  however,  that  inflammable  air,  mixed 
with  the  fumes  of  fmoking  fpirit  of  nitre,  goes  off* 
at  one  explofion,  exadly  like  a mixture  of  half  com- 
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mon  and  half  inflammable  air.  This  I tried  feveral 
times,  by  throv/ing  the  inflammable  air  into  a phial 
full  of  fpirit  of  nitre,  with  its  mouth  immerfed  in 
a bafon  containing  fome  of  the  fame  fpirit,  and 
then  applying  the  flame  of  a candle  to  the  mouth 
of  the  phial,  the  moment  that  it  was  uncovered, 
after  it  had  been  taken  out  of  the  bafon. 

This  remarkable  efFe6l  I haftily  concluded  to 
have  arifen  from  the  inflammable  air  having  been 
in  part  deprived  of  its  inflammability,  by  means  of 
the  ftronger  affinity,  which  the  Ipirit  of  nitre  had 
with  phlogiflon,  and  therefore  I imagined  that  by 
letting  them  ftand  longer  in  contadt,  and  efpecially 
by  agitating  them  flrongly  together,  I fhould  de- 
prive the  air  of  all  its  inflammability;  but  neither 
of  thefe  operations  fucceeded : for  ftill  the  air  was 
only  exploded  at  once,  as  before. 

And  laflly,  when  I pafied  a quantity  of  inflam- 
mable air,  which  had  been  mixed  with  the  fumes 
of  Ipirit  of  nitre,  through  a body  of  water,  and  re- 
ceived it  in  another  veifel,  it  appeared  not  to  have 
yndergone  any  change  at  all,  for  it  went  off  in 
feveral  fucceffive  explofions,  like  the  purefl:  Inflam- 
mable air.  The  effedb  above-mentioned  muff, 
therefore,  have  been ' owing  to  the  fumes  of  the 
Ipirit  of  nitre  fupplying  the  place  of  common  air 
for  thb  purpofe  of  ignition,  which  is  analogous  to 
other  experiments  with  nitre. 
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I afterwards  diverfified  this  experiment,,  and 
obferved  feveral  new  circumftances  relating  to  it, 
and  fome  of  the  refults  are  fufficiently  curious. 
They  folly  confirmed  my  former  obfervation,  with 
thefe  additions,  that  fpirit  of  nitre  takes  phlogifton 
from  inflammable  air,  becoming  of  a deeper  colour 
by  this  communication  with  it ; that  when  the  Ipirit 
of  nitre  is  weak,  and  phlogifticated,  as  when  it  is 
blue,  or  green,  the  inflammable  air  agitated  in  it 
refembles  a mixture  of  nitrous  and  inflammable 
air  5 and  that  when  the  fpirit  of  nitre  is  flrong,  and 
very  pure,  inflammable  air  agitated  in  it  explodes 
in  the  fame  manner  as  it  does  in  conjun6tion  with 
dephlogifticated  air.  And,  laftly,  what  is  as  re- 
markable as  any  of  thefe  fa6ls,  is  that  this  effedl  of 
the  nitrous  acid  is  of  no  long  continuance.  The 
fafts,  as  I obferved  them,  were  as' follows. 

Having  filled  a tall  jar  with  ftrong  yellow  nitrous 
acid,  inverted  in  a bafon  of  the  fame,  I difplaced 
the  whole  of  it,  by  introducing  a quantity  of  inflam- 
mable air ; and  then  applying  a candle  to  the  mouth 
of  it,  the  flame  defcended  from  the  top  to  the  bot- 
tom. At  the  fame  time  the  jar  was  filled  with  a 
red  vapour;  and  having  repeated  the  experiment 
feveral  times  with  the  fame  acid,  the  whole  of  it 
became  much  redder  than  it  was  before.  A jar 
being  half  filled  with  this  acid,  a candle  let  down 
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into  it  burned  naturally,  but  I think  rather  bettor 
than  in  the  open  air. 

In  the  colourlefs  fpirit  of  nitre,  which  is  the 
lead:  impregnated  with  the  acid,  the  explofion  was 
not  different  from  what  it  would  have  been  if  the 
phial  had  been  previoufly  filled  with  water  only. 

When  this  experiment  was  made  with  the  green 
or  the  blue  fpirit  of  nitre,  and  efpecially  the  latter, 
which  is  lefs  acid  than  the  former,  the  candle  burn- 
ed with  a blue  lambent  flame  in  the  neck  of  the 
phial,  jufl;  as  if  a fmall  quantity  of  nitrous  air  had 
been  mixed  with  the  inflammable. 

In  the  fpirit  of  nitre  which  is  green  tinged  with 
yellow y which  is  the  utmofl:  effed:  of  the  inapreg- , 
nation  of  water  with  the  nitrous  acid,  the  inflam- 
mable air  went  off  with  a loud  explofion,  almoft 
like  a mixture  of  inflammable  and  dephlogifticated 
air. 

' In  the  preceding  experiments,  the  inflammable 
air  was  fired  immediately  after  it  had  difplaced  the 
fpirit  of  nitre,  without  allowing  any  time  for  their 
mutual  influence,  and  without  agitation.  In  the 
following  experiments  the  effeds  of  thofe  circum- 
ftances  were  tried. 

Having,  introduced  a quantity  of  inflammable 
. air  into  a phial  previoufly  filled  with  ftrong  fpirit 
of  nitre,  inverted  in  a bafon  of  the  fame,  and  al-- 
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lowing  it  to  continue  in  that  fituation,  I obferved 
that  the  air  foon  began  to  increafe  in  bulk,  and  in 
a few  hours  it  was  one  fixth  more  than  it  had  been. 
The  next  morning,  when  I obferved  that  it  had 
increafed  very  little  more,  I agitated  it  ,*  when,  in 
about  a minute,  it  was  increafed  again  one  fifth, 
but  more  agitation  hardly  produced  any  fenfible 
effe6l.  Upon  this  I applied  to  it  the  flame  of  a 
candle,  when  it  went  off  with  a very  loud  exploflon, 
in  all  relpeds  like  a mixture  of  dephlogifticated 
and  inflammable  air.  Going  over  the  fame  procefs 
with  blue  fpirit  of  nitre,  the  increafe  was  much 
-quicker,  and  more  conflderable ; in  all,  one  fourth 
of  the  whole.  But  it  was  reduced  by  agitation 
precifely  to  its  former  dimenfions,  and  when  I ap~ 
plied  the  flame  of  a candle  to  it,  it  burned  with  a 
green  flame,  exadly  like  a mixture  of  nitrous  and 
inflammable  air. 

It  is  eafily  inferred  from  thefe  experiments,  that 
the  ftrong  yellow  fpirit  of  nitre,  which  contains  the 
moft  acid  with  the  leafl  phlogifton,  fupplies  the  in- 
flammable air  with  a fpecies  of  ‘Vapour^  that,  by 
readily  uniting  with  its  phlogifton,  promotes  the 
accenfion  of  it,  and  thereby  increafes  the  force  of 
its  exploflon  j whereas  the  weaker  and  phlogifticated 
acids  feem  to  impart  to  it  an  additional  quantity 
of  phlogifton,  making  it  to  be,  in  part,  nitrous 
air. 
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It  is  very  remarkable  that,  whatever  be  the  ef- 
fedt  of  the  nitrous  acid  on  inflammable  air  in  the 
circumilance  above-mentioned,  it  is  not  in  the 
fmallefl:  degree  permanent;  and  that  nothing  be- 
longing to  the  acid  enters  properly  into  the  con- 
ftitution  of  the  inflammable  air,  fo  as  to  remain 
with  it.  For  if  it  be  transferred  from  the  phial  out 
of  which  it  had  expelled  the  nitrous  acid,  and  in 
which  it  would  have  exploded  all  at  once,  into 
another  phial,  palling  through  a body  of  water,  it 
immediately  becomes  the  fame  thing  that  it  had 
been  before,  making  a great  number  of  fmall  ex- 
plofions  in  the  mouth  of  the  phial  only,  as  I had 
obferved  formerly,  and  alfo  upon  this  occafion. 

It  is  Hill  more  remarkable,  that  if  the  inflam- 
mable air  continue  long  in  the  vapour  of  fpirit  of 
nitre,  and  be  fired  in  it,  without  ever  being  remove4 
from  it,  it  returns  to  its  former  ftate, 

A phial,  three  fourths  of  which  contained  in- 
flammable air,  in  fpirit  of  nitre  (the  phial  being 
inverted  in  a bafon  of  the  fame)  which  had  flood 
about  a week,  and  which  I agitated  a litde  before 
I tried  it,  burned  upon  the  fpirit  of  nitre  exadtly 
like  inflammable  air  in  other  circumftances,  making 
a great  number  of  explolions.  I alfo  fired  the  air 
contained  in  two  other  phials,  which  had  flood  the 
fame  time  without  agitation,  and  they  were  both 
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exploded  exa611y  like  the  preceding.  The  colour 
of  the  flame  was  green. 

Left  this  difference  fhould  have  arifen  from  the 
quality  of  the  fpirit  of  nitre,  I immediately  filled 
a phial  with  the  very  fame  acid,  and  difplacing  it 
with  inflammable  air,  found  that  it  was  fired  all 
at  once,  with  a very  bright  flame,  as  before  5 and 
at  the  fame  time  another  quantity,  which  I had 
agitated  a little,  made  a louder  explofion. 

Being  defirous  of  trying,  what  Jpace  of  time  was 
neceffary  to  produce  this  remarkable  change  in  the 
explofion  of  inflammable  air  in  the  vapour  of  the 
fpirit  of  nitre,  I firft  let  a quantity  of  it  continue  one 
night  only  in  thofe  circumftances,  and  the  next 
morning  it  was  fired  with  one  bright  explofion. 
Another  quantity  was  fuffered  to  remain  confined 
by  fpirit  of  nitre  three  days  3 when  it  burned  at  firft 
with  a greenifh  flame  in  the  mouth  of  the  phial, 
but  immediately  after  a bright  flame  defeended  fud- 
deniy  to  the  bottom  of  it. 
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• Of  the  Mixture  of  vitriolic  and  nitrous  Acids, 

A Mixture  of  oil  of  vitriol  and  fpirit  of  nitrq 
in  equal  proportions  dilTolved  iron,  and  the 
produce  was  nitrous  air  j but  a lefs  degree  of  fpirit 
of  nitre  in  the  mixture  produced  air  that  was  in- 
flammable, and  which  burned  with  a green  flame. 
It  alfo  tinged  common  air  a little  red,  and  diminifli- 
ed  it,  though  not  much. 

It  is  fomething  remarkable,  that  when  metals 
are  diflblved  in  a mixture  of  fpirit  of  nitre,  and 
any  other  acid,  they  a6t,  in  a manner,  independently 
of  each  others  and  that  the  nitrous  acid,  ading 
more  fuddenly  than  the  others,  produces  its  greateft 
effeft  at  the  firfl:,  as  the  quality  of  the  air  difeovers ; 
the  firfl:  produce  in  thefe  cafes  being  always  chiefly, 
and  fometimes  almofl:  wholly,  nitrous.  Afterwards 
there  is  an  equal  mixture  of  both,  and  the  lafl:  pro- 
duce is  inflammable  air.  This  will  alfo  be  feen  to 
be  the  cafe  when  thefe  acids  are  impregnated  with 
the  nitrous  vapour,  and  the  metals  afterwards  dif- 
folved  in  them. 
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Ufing  equal  parts  of  oil  of  vitriol  and  fplrit  of  ni- 
tre, diluted  with  water,  in  the  folution  of  irony  the 
firft  produce,  and  the  greateft  part  of  the  bulk  of 
the  air,  was  ftrong  nitrous  air,  and  the  laft  was  in- 
flammable. I obferved  alfo,  that  all  the  nitrous  air 
came  very  rapidly,  as  is  ufual  in  the  folution  of  iron 
in  fpirit  of  nitre,  but  that  the  moment  the  efFed:  of 
the  fpirit  of  nitre  was  over,  the  air  came  equably 
;ind  moderately ; and  from  this  time  the  whole  pro-  - 
duce  was  inflammable  air. 

1 alfo  put  equal  quantities  of  oil  of  vitriol  and  ftrong 
fpirit  of  nitre,  diluted  by  water,  upon  zincy  when 
the  firft  produce  was  fired  with  an  explofion,  exadly 
(as  will  be  feen  in  its  proper  place)  like  the  air  pro- 
duced from  zinc  by  water  impregnated  with  vitriolic 
acid  air,  and  then  with  nitrous  vapour ; a vivid  flame 
defcending  rapidly  from  the  top  to  the  bottom  of 
the  phial.  But  in  the  next  produce  the  flame  de- 
fended gradually,  and  in  the  laft  a candle  burned 
quite  naturally.  In  this  experiment  the  effeds  of 
the  two  acids  were  not  fo  diftinguifhable  as  in  the 
preceding  ; but  then  it  is  to  be  obferved,  that  the 
folution  of  zinc  in  the  nitrous  acid  yields  dephlogif- 
ticated  nitrous  air. 

Becaufe  a mixture  of  nitrous  acid  will  difeharge 
the  black  colour  from  phlogifticated  vitriolic  acid, 
Mr.  Beau  me  infers  that  the  former  has  a ftronger 
affinity  with  phlogifton  than  the  latter.  He  alfo 
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obferves  of  this  mixture  that  it  will  readily  inflame 
oil  of  turpentine,  but  that  nothing  farther  is  known 
concerning  it. 

I would  obferve,  however,  that  the  vitriolic  acid 
does  likewife  difcharge  all  colour  from  the  nitrous 
acid,  and  therefore,  reafoning  as  Mr.  Beaume  does, 
we  might  draw  a conclufion  the  reverfe  of  his. 
I would  therefore  rather  fay,  that  the  two  acids  in 
conjun6tion  have  a different  adion  upon  phlogiflon 
than  they  have  when  feparate. 

If  the  marine  acid  be  mixed  with  the  vitriolic, 
the  marine  acid  air  is  inftantly  expelled,  and  the  wa- 
ter is,  I fuppofe,  feized  by  the  acid  of  vitriol.  But 
when  the  vitriolic  and  nitrous  acids  are  mixed,  no 
fuch  effed  takes  place.  They,  therefore,  feem  to 
occupy  the  water  jointly,  without  either  of  them 
diflodging  the  other,  at  leafl:  in  the  fpace  of  fome 
weeks.  What  more  time  will  effed  I have  not  yet 
feen. 

If  the  nitrous  acid  be  poured  gently  upon  the  vi- 
triolic, ftrongly  concentrated,  they  will  continue 
unmixed  for  fome  time  ; but,  without  any  agita- 
tion, they  will  incorporate  gradually,  a white  cloudi- 
nefs  being  always  feen  where  they  are  contiguous. 
When  they  are  fhaken  together  a fmall  degree  of 
heat  will  be  produced,  and  numberlefs  bubbles  will 
be  formed,  which,  however,  are  prefently  abforbed. 
There  is  alfo  at  firft  a whkilh  vapour  over  the  fur- 

face 
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face  of  the  mixture  5 and  after  fome  time,  though 
both  the  acids  be  ever  fo  pure,  and  the  vitriolic 
has  been  diftilled  again  and  again,  there  will  be  a 
depofit  of  a white  fubftance,  which  I have  not  yet 
examined. 

I have  obferved  that  the  yellow  colour  of  the  com- 
mon fpiritof  nitre  is  difcharged  by  a mixture  of  the 
vitriolic  acid.  When  I poured  a weak  green  fpirit 
of  nitre  upon  concentrated  oil  of  vitriol,  it  became 
yellow  where  they  were  contiguous  i but  the  quan- 
tity of  nitrous  acid  being  much  greater  than  that  of 
the  vitriolic,  it  was  green  above,  without  any  vill- 
ble  vapour  on  its  furface.  The  next  morning  the 
nitrous  acid  was  colourlefs,  contiguous  to  the  vi- 
triolic, and  the  reft  yellow. 

Afterwards  I poured  upon  concentrated  oil  of  vi- 
triol an  equal  quantity  of  that  nitrous  acid,  which 
had  firft  acquired  a deep  orange  colour  by  heat,  and 
then  had  become  green  by  keeping.  The  effedt 
was,  that  from  green  it  inftantly  became  yellow 
throughout,  and  continued  diftin6t  frorn  the  vi- 
triolic acid  ftx  days.  In  one  day  they  did  not  feem 
to  affed  each  other  in  the  lead,  but  afterwards  a 
cloudinefs  was  obferved,  where  they  were  contigu- 
ous to  each  other,  which  increafed  till  almoft  the 
whole  had  that  appearance;  and  when  they  were 
ftiaken  together  it  was  tranfparent  like  water. 
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, In  order  to  try  the  full  power  of  the  vitriolic  acid 
to  difcharge  the  colour  of  fpirit  of  nitre,  I diffolved 
in  the  ftrongeft  fpirit  of  nitre  a quantity  of  copper, 
which  gave  it  a deep  green  colour.  But  on  mixing 
it  with  vitriolic  acid  it  inftantly  became  perfedlly  co- 
lourlefs,  and  the  copper  was  precipitated  in  the  form 
of  a white  powder. 

I poured  very  gently  a quantity  of  aqua  regia, 
made  by  impregnating  marine  acid  with  nitrous  va- 
pour, on  vitriolic  acid,  and  at  firft  it  effervefced 
very  much,  and  the  lower  part  was  of  a turbid  white, 
while  the  upper  part  retained  its  orange  colour.  Af- 
ter fome  time  the  mixture  was  of  a light  orange 
throughout.  I have  not  yet  made  any  farther  obfer- 
vations  upon  it. 

T o try  how  ftrongly  the  nitrous  acid  vapour  was 
retained  in  this  mixture  of  the  two  acids,  I expofed 
a part  of  the  mixture  to  the  heat  of  a common  fire, 
in  a long  green  glafs  tube  hermetically  fealed,  and 
found  that  though  I kept  it  boiling,  it  continued  co- 
iourlefs  a confiderable  time.  Afterwards  a red  va- 
pour was  expelled  from  the  mixture,  and  at  length 
the  whole  tube  was  filled  with  it.  But  when  it  was 
cold  the  vapour  was  all  abforbed  again,  and  the  mix-' 
tnre,  which  was  then  of  a pale  orange  colour,  be- 
came afterwards  quite  colourlefs,  as  at  firft.  In 
this  cafe  dephlogifticated  air  was  expelled  by  the 
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heat,  in  confequence  of  which  the  remainder  was  left 
phlogifticated,  and  then  the  two  acids  affefted  each 
other  as  before. 

Having,  as  is  mentioned  above,  obferved  fome 
pretty  remarkable  phenomena  that  attend  the  mix- 
ture of  the  nitrous  and  vitriolic  acid,  particularly  a 
turbid  appearance,  and  a white  depofit,  though 
both  the  acids  were  perfedtly  tranfparent,  and  think- 
ing that  this  might  poffibly  arife  from  fome  extra- 
neous earthy  matter,  in  the  oil  of  vitriol,  I repeated 
the  experiment  with  a quantity  which  had  been  firfl 
diftilled,  and  then  concentrated,  and  with  a nitrous 
acid  the  pureft  and  the  paleft  that  I could  make. 
But  this  mixture  was  attended  with  the  fame  phe- 
nomena as  before,  namely  with  heat,  and  a turbid 
white  depofit. 

I colledlcd  a quantity  of  this  white  depofit,  and 
found  that  it  was  compleatly  dilTolved  in  fpirit  of 
fait,  and  gave  it  a yellow  colour  ; fo  that  it  feems 
to  be  fomething  contained  in  this  acid,  and  probably 
elTential  to  it.  The  experiment  defer ves  to  be  re- 
peated. 

One  of  the  moil  extraordinary  circumftances  that 
I have  hitherto  obferved  relating  to  this  mixture, 
is  the  extreme  volatility  that  it  feems  to  give  to  the 
nitrous  acid,  fo  that,  as  far  as  I can  yet  perceive, 
the  whole  of  it  makes  its  efcape  from  the  mixture. 

This 
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This  obfervation  was  at  firft  quite  cafual.  For  hav- 
ing left  the  mixture,  confifting  of  equal  quantities 
of  the  ftrongefl  kinds  of  each  of  thefe  acids,  in  a 
phial  with  a ground  ftopper,  about  four  months,  in 
which  I had  been  abfent  from  home,  I found,  at 
my  return,  the  ftopper  driven  out,  and  nothing  in 
the  phial  befides  the  vitriolic  acid,  and,  as  far  as  I 
could  judge,  quite  pure.  For  when  I diflblvediron 
in  it,  nothing  but  inflammable  air  was  yielded, 
even  from  the  beginning  of  the  procefs,  and  no  mix- 
ture of  nitrous  air  at  all.  Aifo  the  vitriolic  acid 
was  much  weaker  than  it  had  been;  fo  that  it  had 
been  diluted  afterwards  by  imbibing  water  from 
the  atmofphere. 

I had  the  fame  refult  from  another  mixture  of 
equal  quantities  of  the  two  acids,  which  had  ftood 
in  the  phial  without  a ftopper  from  the  6th  of  June 
to  the  23d  of  July ; and  the  quantity  was  dinvnifli- 
ed  only  one  fourth  of  the  whole. 

I alfo  expofed,  during  the  fame  time,  to  the  open 
air,  fomc  of  the  cryftals  which  I had  obferved  to 
be  formed  by  the  impregnation  of  the  vitriolic  add 
with  the  nitrous  acid  vapour.  The  confequence 
was,  that  the  cryftals  gradually  diflblved,  and  the 
quantity  of  liquid  increafed,  till  it  exceeded  twice 
the  bulk  of  the  cryftals.  When  I diffolved  iron  in 
this  liquid,  I got  nothing  but  inflammable  air. 

When 
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When  the  very  firfl  produce  of  it  was  mixed  with 
common  air,  there  was  no  fenfible  diminution  of 
it,  fo  that  there  feemed  to  be  no  nitrous  air  pro- 
duced. 

Another  method  of  feparating  the  nitrous  from 
the  vitriolic  acid,  and  in  much  lefs  time  than  the 
above,  was  by  expofing  the  mixture  to  nitrous  air. 
This  I have  obferved  phlogifbicates  nitrous  acid,  and 
renders  it  extremely  volatile  1 fo  that  a very  great 
proportion  of  it  efcapes.  And  when  it  is  mixed 
with  the  vitriolic  acid,  and  expofed  in  the  fame 
manner,  the  whole  of  it  feems  to  efcape. 

Having  introduced  a phial  of  this  mixture  into  a 
jar  of  nitrous  air,  in  the  fame  manner  as  I had  before- 
treated  the  nitrous  acid  itfelf,  I obferved  that  it  ab- 
forbed  the  nitrous  air  as  fall  as  the  pure  nitrous  acid 
alone  had  done.  Immediately  after  the  procefs  was 
commenced,  it'  was  covered  with  a denfe  red  va- 
pour, and  gradually  afiumed  a light  orange  colour 
throughout,  beginning  at  the  top.  When  the  whole 
of  it  had  acquired  this  colour,  I withdrew  it,  and 
expofed  it  twenty  four  hours  to  the  open  air ; after 
which  the  top  was  become  of  a light  blue,  and  the 
bottom  of  a yellowifh  colour.  I then  put  it  into 
another  jar  of  nitrous  air,  and  fuffered  it  to  remain 
there  a fortnight,  during  which  time  1 was  abfent 
on  a journey. 


At 
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At  my  I'eturn  I found  the  mixture  quite  colour- 
lefs,  though  it  had  abforbed  little  more  of  the  ni- 
trous air.  I then  dilTolved  iron  in  it,  and  it  yielded 
nothing  but  inflammable  air,  of  the  ftrongeft  kind, 
without  the  leaft  mixture  of  nitrous  air  ; the  very 
firft  produce  of  it  not  in  the  leaft  affeding  common 
air.  The  water  in  the  jar  in  which  this  procels  was 
made  yielding  air  copioufly,  I colle6bed  a quantity 
of  it,  and  found  it  to  be  ftrong  nitrous  air.  It  had 
been  produced  by  the  impregnation  of  the  water  with 
nitrous  vapour. 

In  order  to  difcover  in  what  time  this  efFe6t  might 
be  produced,  I repeated  the  experiment,  and  found 
that  after  being  expofed  four  days  to  nitrous  air,  it 
became  colourlefs,  and  the  air  produced  by  it  from 
iron  was  all  inflammable  air. 

If  the  'vitriolic  and  the  marine  acids  be  mixed, 
much,  if  not  all,  of  the  marine  acid  is  prefently 
expelled,  in  the  form  of  marine  acid  air.  I was 
willing  to  try  what  would  be  the  effed:  of  adding 
this  acid  to  the  mixture  of  the  two  others  above- 
mentioned  \ and  I obferved  that,  when  I had  pour- 
ed a fmall  quantity  of  a perfedly  colourlefs  marine 
acid,  very  gently  upon  the  other,  prefently  after  they 
had  been  mixed,  and  while  they  were  yet  turbid,  the 
marine^acid  remained  tranfparent  upon  them  both  ; 
but  the  place  of  contad  prefently  became  of  a beau- 
tiful 
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tiful  yellow  or  orange  colour,  very  fmall  bubbles  of 
air  rifing  noW  and  then  from  it. 

The  next  morning  the  whole  mixture  was  of  a 
beautiful  orange  colour*  When  it  was  agitated,  it 
frothed  very  much,  and  the  air  or  vapour,  efcaped 
very  rapidly,  making,  as  it  were,  fmall  explofions  5 
but  after  every  agitation  the  mixture  feemed  to  be 
more  vifcid,  the  air  efcaping  with  more  difficulty. 
After  'the  agitation,  it  remained  of  a paler  colour 
than  before*  Probably  the  marine  acid  air  had  been^ 
in  fome  meafure,  thrown  out ; and  the  next  day  it 
was  perfedlly  colourlefs,  like  water. 

Bits  of  paper  and  bits  of  wood  were  not  fenfibly 
affeded  by  the  mixture  of  nitrous  and  vitriolic  acids, 
and  they  did  not  give  it  any  colour  5 but  a fly  gave 
another  quantity  of  it  a browniffi  tinge,  though  not 
very  foon.  The  next  day,  that  in  which  the  vege- 
table matter  had  been  immerfed  was  of  a light  blue, 
and  that  into  which  the  fly  had  been  put  was  ftill  of 
an  orange  colour,  and  rather  deeper  than  before. 
Three  weeks  after  this,  both  thefe  mixtures  having 
been  a long  time  quite  colourlefs,  I diflblved  iron 
in  them,  and  they  both  yielded  inflammable  air 
only  ; fo  that,  if  this  be  any  proof  of  the  abfence  of 
the  nitrous  acid,  this  acid  had  now  entirely  left  the 
mixture. 
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A mixture  of  an  equal  quantity  of  nitrous  and 
marine  acid  with  iron,  produced  air  which  at  firft 
was  the  fame  as  a mixture  of  nitrous  and  inflamma- 
ble air,  burning  with  a lambent  green  flame ; but 
the  produce  of  air  kept  continually  approaching  to 
the  ftate  of  pure  inflammable  air,  and  was  at  length 
wholly  fo  j except  that,  at  the  laft,  it  exploded  with 
a blue  flame  j and  the  fame  phenomena  occurred 
when  more  air  was  produced,  pouring  more  fpirit 
of  fait  into  the  fame  phial  containing  the  iron. 

An  equal  quantity  of  fpirit  of  nitre  and  radical  vU 
tiegar^  diluted  with  water,  produced,  from  iron,  air 
which  burned  with  a blue  flame  ; but  uflng  more 
vinegar,  the  colour  of  the  flame  difappeared,  and 
the  laft  produce  was  not  at  all  different  from  com- 
mon inflammable  ain 
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SECTION  XX. 

Experiments  on  the  Eranfmijfion  of  the  Vapour  of  Acids 
through  a hot  Earthen  Euhe. 

IN  my  experiments  on  'the  phlogifiication  of 
fpirit  of  nitre  by  heat,  it  appeared  that  when  pure 
air  was  expelled  from  what  is  called  dephlogifticated 
fpirit  of  nitre,  the  remainder  was  left  phlogifticated. 
This  I find  abundantly  confirmed  by  repeating  the 
experiments  in  a different  manner,  and  on  a larger 
fcale  ; and  I have  applied  the  fame  procefs  to  other 
acids,  and  liquors  of  a different  kind.  F rom  thefe 
it  will  appear  that  oil  of  vitriol  and  fpirit  of  nitre, 
in  their  mofl  dephlogifticated  ftate,  confift  of  a pro- 
. per  faturation  of  the  acids  with  phlogifton  5 fo  that 
what  we  have  called  the  phlogifti cation  of  them, 
ought  rather  to  have  been  called  their  fuper-phlogijii-^ 
cation. 

I began  with  treating  a quantity  of  oil  of  vitriol 
as  I had  done  the  fpirit  of  nitre,  viz.  expofing  it  to 
heat  in  a glafs  tube  hermetically  fealed,  and  nearly 
exhaufted  ^ and  the  refult  was  fimilar  to  that  of  the 
^ -experiment  with  the  nitrous  acid,  with  refped  to 
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the  expulfion  of  air  from  it,  though  the  phlogifti- 
cation  not  appearing  by  any  change  of  colour^  1 did 
not  in  this  method  afcertain  that  circumftance.  The 
particulars  were  as  follows. 

After  the  acid  had  been  made  to  boil  fome  time, 
a denfe  white  vapour  appeared  in  quick  motion  at  a 
diftance  above  the  acid  ; and  though,  on  withdraw- 
ing the  fire,  that  vapour  difappeared,  it  inftantly 
re-appeared  on  renewing  the  heat.  When  the  tube 
was  cool  I opened  it  under  water,  and  a quantity  of 
air  rufhed  out,  though  the  acid  had  been  made  to 
boil  violently  while  it  was  clofing',  fo  that  there 
could  not  have  been  much  air  in  the  tube.  This 
air,  which  mull,  therefore,  have  been  generated  in 
the  tube,  was  a little  worfe  than  common  air,  being 
of  the  ftandard  of  1.12,  when  the  latter  was  1.04* 
I repeated  the  experiment  feveral  times,  and  always 
with  the  fame  refult. 

That  this  air'fnould  be  worfe  than  common  air 
I cannot  well  explain.  But  in  my  former  experi- 
ments it  appeared  that  vitriolic  acid  air  injures  com- 
mon air  ; and  that  in  proportion  as  pure  air  is  ex- 
pelled from  this  acid,  the  remainder  becomes  phlo- 
gifticated,  or  charged  with  vitriolic  acid  air,  clearly 
appeared  in  the  following  experiment. 

Making  a quantity  of  oil  of  vitriol  boil  in-a  glafs 
retort,  and  making  the  vapour  pafs  through  a red 
hot  earthen  tube,  glazed  infide  and  out,  and  fxlled 
* with 
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with  pieces  of  broken  tubes,  I colle6ted  the  liquor 
that  diftilled  over,  and  found  it  to  be  the  fame 
thing  with  water  impregnated  with  vitriolic  acid 
air.  The  fmell  of  it  was  exceedingly  pungent,  and 
it  was  evident  that  more  of  this  air  had  efcaped  than 
could  be  retained  by  that  quantity  of  water.  The 
oil  of  vitriol  ufed  in  this  procefs  was  one  ounce,  nine 
pennyweights,  eighteen  grains,  and  the  liquor  col- 
ieded  v/as  fix  pennyweights,  twelve  grains.  When 
I colledted  the  air  that  was  produced  in  this  man- 
ner, which  I did  not  do  at  this  time,  it  appeared  to 
be  very  pure,  about  the  ftandard  of  0.3,  with  two 
equal  meafures  of  nitrous  air. 

At  anbther  time,  expending  one  ounce,  eleven 
pennyweights,  eighteen  grains  of  oil  of  vitriol,  of 
the  fpecific  gravity  of  1856  (that  of  water  being 
1000)  I colledled  nineteen  pennyweights,  fix  grains 
of  the  volatile  acid,  of  the  fpecific  gravity  of  1340, 
and  procured  130  ounce  meafures  of  dephlogifti- 
cated  air  of  the  pureft  kind,  viz.  of  the  ftandard  of 

It  is  eafy  in  this  manner  to  coiledta  great  quantity 
of  dephlogifticated  air  ; but  the  principal  objedtion 
to  the  procefs  is,  that  after  ufing  a few  times,  the 
earthen  tubes  become  tender,  and  two  eafily  break, 
efpecially  in  heating  or  cooling.  It  is  alfo  difficult 
to  lute  the  retort  containing  the  acid  and  the  earthen 
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tube.  The  air  produced  in  this  manner  is  filled 
with  the  denfefi:  white  cloud  imaginable. 

Going  through  the  fame  procefs  with  fpirit  of 
nitre,  the  refult  was  in  all  refpeTs  fimilar,  but 
much  more  ftriking ; the  production  of  both  dephlo- 
gifticated  air  and  phlogifticated  acid  vapour  being 
prodigioufiy  quicker,  and  more  abundant.  Ex- 
pending five  ounces,  eight  pennyweights,  fix  grains 
of  fpirit  of  nitre,  I colleCled  fix  hundred  ounce  mea- 
fures  of  the  pureft  dephlogifticated  air,  being  of 
the  ftandard  of  0.2.  I alfo  collected  one  ounce, 
feven  pennyv/eights,  fourteen  grains  of  a greenifh 
acid  of  nitre,  which  emitted  copious  red  fumes.  All 
the  apparatus  beyond  the  hot  tube  was  filled  with 
the  denfefi:  red  vapour,  and  the  water  of  the  trough 
in  which  the  air  was  received,  was  fo  much  im- 
pregnated with  it,  that  the  fmell  was  very  ftrong, 
and  it  fpontaneoufly  yielded  nitrous  air  feveral  days, 
juft  as  water  does  when  impregnated  with  nitrous 
vapour.  Perceiving  the  emilTion  of  air  from  this 
water  after  it  had  ftood  fome  time,  I filled  a jar 
containing  thirty  ounce  meafures  with  it,  and  with- 
out any  heat  it  yielded  two  ounce  meafures  of  the 
ftrongeft  nitrous  air. 

T aking  the  fpecific  gravity  of  the  acid  before  and 
after  this  diftillation,  the  former  was  to  the  latter, 
as  147 1 to  1 1 82.  When  the  weight  of  the  air  pro^ 
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duced  in  this  experiment,  and  that  of  the  liquor  dif- 
tilled,  is  compared  with  that  of  the  acid  before  dif- 
tillation,  it  will  appear  that  there  muft  have  been  a 
great  lofs  of  acid  vapour,  which  was  either  retained 
in  the  water  of  the  trough,  or  efcaped  through  it. 

I do  not  fee  that  thefe  experiments  can  be  ex- 
plained but  on  the  fuppofition  that  the  moft  deplo- 
gifiicated  oil  of  vitriol  and  fpirit  of  nitre  are,  in  a 
proper  fenfe,  faturated  with  phlogifton  , and  that 
when  part  of  the  acidifying  principle  is  expelled  in 
the  form  of  air,  the  remainder  is  fuperfaturated  with 
it. 

To  try  whether  the  acid  thus  faturated  with  phlo- 
gifton  was  convertible  into  pure  air  by  this  procefs, 
I heated  the  liquor  colleded  after  the  diftillation  of 
the  oil  of  vitriol,  that  is,  water  impregnated  with 
vitriolic  acid  air,  and  made  the  vapour  pafs  through 
the  hot  tube ; but  no  air  came  from  it,  and  when 
colledted  a fecond  time,  it  was  not  at  all  different; 
from  what  it  had  been  before,  the  fpecific  gravity 
was  alfo  the  fame. 

It  is  evident,  however,  though  this  procefs  does 
not  fhew  it,  that  the  volatile  vitriolic  acid  contains 
the  proper  element  of  dephlogifticated  air ; fince  by 
melting  iron  in  vitriolic  acid  air,  a quantity  of  fixed 
air,  which  is  compofed  of  inflammable  and  dephlo- 
gifticated air,  is  produced.  Melting  iron  in  nine 
ounce  meafures  of  vitriolic  acid  air,  it  was  reduced 
O 4 to 
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to  0.3  ounce  meafures,  and  of  this  0,17  ounce  mea- 
fures  was  fixed  air,  1 repeated  the  experiment  with 
the  fame  refult,  and  putting  the  refiduums  together, 
found  the  air  to  be  inflammable. 

But  the  refult  was  fomething  different  when  I 
fent  through  the  hot  tube  the  liquor  that  I had  col- 
k6ted  in  the  procefs  with  fpirit  of  nitre.  No  air, 
however,  was  produced  at  the  firfl,  nothing  appear- 
ing befides  a red  vapour^  that  was  wholly  abforbed  by 
water,  or  efcaped  through  it  into  the  atmofphere. 
But  towards  the  end  of  the  procefs,  I colledted  ten 
ounce  meafures  of  dephlogiflicated  air.  The  quantity 
of  the  liquor  expended  was  about  two  ounce  meafures. 
It  may,  however,  be  prefumed  that  this  fmall  quan- 
tity of  air  came  from  fome  of  the  acid  which 
efcaped  the  adtion  of  the  fire  in  the  former  procefs. 
Indeed  its  coming  at  the  lafl  only  may  be  confider- 
cd  as  a proof  of  this ; as  all  the  more  volatile  acid, 
Tvhich  came  over  firfl,  yielded  no  air. 

I fubmitted  a quantity  of  fpirit  of  fait  to  both 
thefe  proceffes,  viz.  expofing  to  a boiling  heat  in 
glafs  tubes  hermetically  fealed,  and  making  the  va- 
pour pafs  through  a red  hot  tube ; but  no  air  was 
produced  in  either  cafe.  In’  the  former  cafe  the 
water  rnfhed  into,  and  compleatly  filled,  the  tube* 
when  it  was  opened  under  water  ; and  in  the  other 
procefs  the  liquor  diflilled  was  precifely  of  the  fame 
fpecific  gravity,  and  no  doubt  in  all  other  refpedls  the 

fame. 
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fame,  as  before  diftillation  \ but  the  acid  that  re- 
mained in  the  retort  was  of  lefs  fpecific  gravity,  in 
confequence  of  the  acid  vapour  being  expelled  by 
the  heat  in  the  form  of  marine  acid  air,  which  ap- 
peared not  to  be  afFeded  by  a red  heat. 

Though  in  this  procefs  with  fpirit  of  fait,  the  re- 
fult  is  different  from  that  of  thofe  with  oil  of  vitriol 
and  fpirit  of  nitre,  yet  there  is  an  analogy  among  all 
thefe  three  acids  in  this  refped,  that  the  marine 
acid,  like  the  volatile  acids  of  vitriol  and  nitre,  is 
made  by  impregnating  water  with  the  acid  vapour  5 
fo  that  in  its  ufual  ftate  it  may  be  faid  to  be  phlo- 
gifticated  as  well  as  they. 

It  was  evident  that  the  water  in  the  worm  tub 
was  much  more  heated  by  the  diftillation  of  the  fpirit 
of  fait  than  by  that  of  the  oil  of  vitriol,  and  efpecially 
that  of  the  fpirit  of  nitre ; fo  that  much  of  the  heat 
by  which  it  had  been  raifed  in  vapour  muft,  in  the 
latter  cafe,  have  been  in  the  a/r  that  was 

formed  ; whereas,  in  the  other  cafe,  it  was  commu- 
nicated to  the  water  in  the  worm  tub. 

In  one  of  the  proceffes  with  boiling  Ipirit  of  fait, 
in  a glafs  tube  hermetically  fealed,  I had  the  fame 
white  vapour  dancing  in  the  middle  of  the  tube,  as 
in  the  experiment  with  the  oil  of  vitriol ; but  this 
tube  burft,  and  I never  had  the  fame  appearance 
again,  though  I repeated  the  experiment  feveral 
times  for  the  fake  of  it. 
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The  vapour  of  dephlogifticated  marine  acid, 
which  Mr.  Bertholet  difcovered,  and  with  which 
wa^er  may  be  impregnated,  as  with  fixed  air  being 
made  to  pafs  through  the  hot  tube,  became  dephlo- 
gifticated air,  as  in  the  following  experiment. 

Having  poured  a quantity  of  fpirit  of  fait  upon 
fome  manganefe  in  a glafs  retort,  I heated  it,  as  in 
the  preceding  experiments,  with  a proper  apparatus 
both  for  receiving  the  diftilled  liquor  and  the  air. 
I found  feven  tenths  of  the  air  was  fixed  air,  and 
the  remainder  very  pure  dephlogifticated.  The 
quantity  I could  not  meafure,  on  account  of  one 
of  the  junctures  in  the  apparatus  giving  way ; but 
I do  not  imagine  that  quite  fo  much  pure  air  could 
be  got  in  this  method  as  from  the  manganefe  kfelf 
in  a diredl  procefs.  The  liquor  received  in  this 
diftillation  relembled  ftrong  Ipirit  of  fait,  in  which 
manganefe  had  been  put. 

This  procefs  immediately  fucceeding  that  in 
which  the  glafs  tube,  joining  the  earthen  tube,  and 
the  worm  tub,  was  left  full  of  black  matter  by 
the  diftillation  of  the  alkaline  liquor,  the  black- 
nefs  prefently  vanilhed,  and  the  tube  became  tranf- 
parent  as  before.  On  this  account,  however,  it  is 
pofiible  that  I might  receive  lefs  pure  air  than  I 
Ihould  otherwjfe  have  done. 


Diftilled 
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Diftilled  vinegar  fubmitted  to  this  procefs  yield- 
ed air,  two  thirds  of  which  was  fixed  air,  and  the 
reft  inflammable.  Expending  two  ounces  nineteen 
pennyweights  of  the  acid,  I got  one  ounce  nineteen 
pennyweights  of  a liquor  which  had  a more  pun- 
gent fmell  than  it  had  had  before  diftillation.  It 
had  alfo  fome  black  matter  in  it,  and  fome  of  the 
fame  remained  at  the  bottom  of  the  retort  when- 
the  liquor  was  evaporated  to  drynefs.  The  air  I 
j*eceived  was  ninety  ounce  meafures, 


SECTION  XXL 

Mijcellaneous  Experiments  on  nitrous  Acid, 

I , Of  the  firing  of  Paper  dipped  in  a Solution  of  Cop- 
per in  nitrous  Acid, 

Having  been  informed  by  Dr.  Small  and 
Mr.  Bolton  of  Birmingham,  that  paper  dip- 
ped in  a folution  of  copper  in  fpirit  of  nitre  would 
take  fire  with  a moderate  heat  (a  fad  which  I after- 
wards found  mentioned  in  the  Phliofophical  T ranf- 
i^ions)  it  occurred  to  me  that  this  would  be  very 

con- 
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convenient  for  experiments  relating  to  ignition  in 
different  kinds  of  air;  and  indeed  I found  that  it 
was  eafily  fired,  either  by  a burning  lens,  or  the 
approach  of  red  hot  iron  on  the  outfide  of  the  phial 
in  which  it  was  contained,  and  that  any  part  of  it 
being  once  fired,  the  whole  was  prefently  reduced 
to  allies ; provided  it  was  previoufly  made  tho- 
roughly dry,  which,  however,  it  is  not  very  eafy 
to  do. 

With  this  preparation,  I found  that  this  paper 
burned  freely  in  ail  kinds  of  air,  but  not  in  vacuOy 
which  is  alfo  the  cafe  with  gunpowder ; and,  as  I 
have  in  effedl  obferved  before,  all  the  kinds  of  air 
in  which  this  paper  was  burned  received  an  addition 
to  their  bulk,  which  confifted  partly  of  nitrous  air, 
from  the  nitrous  precipitate,  and  partly  of  in- 
flammable air,  from  the  paper.  As  the  cir- 
cumflances  attending  the  ignition  of  this  paper  in 
inflammable  air  were  a little  remarkable,  I fhall 
juft  recite  them. 

Firing  this  paper  in  inflammable  air,  which  it  did 
without  any  ignition  of  the  inflammiable  air  itfelfj 
the  quantity  increafed  regularly,  till  the  phial  in 
which  the  procefs  was  made  was  nearly  full ; but 
then  it  began  to  decreafe,  till  one  third  of  the  whole 
quantity  difappeared. 
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2.  Of  the  firing  of  Gunpowder  in  difi'erent  Kinds  of 

Air. 

Gunpowder  is  alfo  fired  in  all  kinds  of  air,  and, 
in  die  qilantity  in  which  I tried  it,  did  not  make 
any  fenfible  change  in  them,  except  that  the  com- 
mon air  in  which  it  was  fired  would  not  afterwards 
admit  a candle  to  burn  in  it.  In  order  to  try  this 
experiment  I half  exhauflcd  a receiver,  and  then 
with  a burning-glafs  fired  the  gunpowder  which 
had  been  previoufly  put  into  it.  By  this  micans  I 
could  fire  a greater  quantity  of  gunpowder  in  a 
fmall  quantity  of  air,  and  avoid  the  hazard  of  blow- 
ing upi  and  breaking  my  receiver. 

I ov/n  that  I was  rather  afraid  of  firing  gunpow- 
der in  inflammable  air^  but  there  was  no  reafon 
for  my  fear;  for  it  exploded  quite  freely  in  this 
air,  leaving  it,  in  all  refpedls,  juft  as  it  was  be- 
fore. 

In  order  to  make  this  experiment,  and  indeed 
almoft  all  the  experiments  of  firing  gunpowder  in 
different  kinds  of  air,  I placed  the  powder  upon  a 
convenient  ftand  within  my  receiver,  and  having 
carefully  exhaufted  it  by  a pump  of  Mr.  Smeaton’s 
conftrudion,  I filled  the  receiver  with  any  kind  of 
air  by  the  apparatus  deferibed  PI.  II.  fig.  14,  taking 
the  greateft  cafe  that  the  tubes,  &c,  which  con- 
veyed 
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veyed  the  air  fhould  contain  little  or  no  common 
air.  In  the  experiment  with  inflammable  air  a 
confiderable  mixture  of  common  air  would  have 
been  exceedingly  hazardous  : for,  by  that  afiiftance, 
tl)e  inflammable  air  might  have  exploded  in  fuch 
a manner,  as  to  have  been  dangerous  to  the  opera-^ 
tor. 

Sometimes,  I filled  a glafs  vefTel  with  quickfilverj 
and  introduced  the  air  to  it,  when  it  was  inverted 
in  a bafon  of  quickfilver.  By  this  means  1 entirely 
avoided  any  mixture  of  common  air  j but  then  it 
was  not  eafy  to  convey  the  gunpowder  into  it,  in 
the  exadt  quantity  that  was  requifite  for  my  pur- 
pofe.  This,  however,  was  the  only  method  by 
which  I could  contrive  to  fire  gunpow^der  in  acid 
or  alkaline  air,  in  which  it  exploded  jufl  as  it  did 
in  nitrous  or  fixed  air. 

I burned  a confiderable  quantity  of  gunpowder 
in  an  exhaufted  receiver  (for  it  is  well  known  that 
it  will  not  explode  in  it)  but  the  air  I got  from 
it  was  very  inconfiderable,  and  in  thefe  circum- 
ftances  was  neceffarily  mixed  with  common  air.  A 
candle  would  not  burn  in  it. 

2*  Of  a cajml  ProduEiion  fimtlar  to  Gunpowder, 

I took  half  an  ounce  of  lead-ore^  and  hav- 
ing ' fatu rated  it  with  fpirit  of  nitre,  I dried  itj| 

put^ 
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put  it  into  a gun  barrel,  filled  up  to  the  mouth 
with  pounded  flint,  and  placed  veflTels  filled  with 
water  to  receive  the  air.  The  confequence  was, 
that  as  fooji  as  this  mixture  began  to  be  warm,  air 
was  generated  very  faft,  infomuch  that,  being  rather 
alarmed,  I flood  on  one  fide ; when  prefently  there 
was  a violent  and  loud  exploflon,  by  which  all  die 
contents  of  the  gun  barrel  were  driven  out  with 
great  force,  dafhing  to  pieces  the  veflTels  that  were 
placed  to  receive  the  air,  and  difperfing  the  frag- 
ments all  over  the  room  j fo  that  all  the  air  which 
I had  colle6led,  and  which  was  about  a pint,  was 
loft.  The  mixture^  before  it  was  put  into  the 
gun  barrel,  was  betwixt  white  and  yellow,  and  had 
very  mcch  the  fmell  of  fulphur  1 fo  that  it  was  in 
fadl  a compofition  fimilar  to  gunpowder. 

Being  defirous  to  know  what  kind  of  air  I had 
got  by  this  procefs,  I put  the  fame  materials  into 
a glafs  phial,  and  putting  it  into  a crucible  with 
fand,  difpofed  the  apparatus  for  receiving  the  air 
in  fuch  a manner,  that  the  exploflon  could  not  af- 
fe6l  it.  It  did  explode  as  before,  but  the  air  was 
preferved,  and  appeared  to  be  very  ftrong  nitrous 
air,  almoft  as  much  fo  as  that  which  is  procured  by 
-the  folution  of  metals. 
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PART  II. 

EXPERIMENTS  RELATING  TO  THE  MARINE  ACID. 


SECTION  L 

Of  the  Colour  of  the  Marine  Acidi. 

AL  L the  chemiils,  as  far  as  I can  find,  who 
have  written  on  the  fubjedl  of  the  marine 
acid,  fpeak  of  its  colour y as  of  a thing  elTential  to  it, 

. and  never  fail  to  mention  this  as  a necelfary  part  of 
its  definition : Thus  Mr*  Macquer>  in  his  D/V- 

tionaryy  fays,  that  this  acid  differs  from  the  vitriolic 
in  having and  colour P He  alfo  fays,  it  differs 
from  the  nitrous  acid  by  its  colour,  which  is  more 
yellow  and  lefs  red.*’  ■ - 

In  my  early  experiments  I gave  a good  deal  of 
attention  to  this  fubjedb,  but  at  that  time  I had  not 
been  able  to  afcertain  on  what  it  is  that  the  colour 

' of 
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of  this  acid  depends.^  Sometimes,  I obferved,  I 
had  procured  it  quite  colourlefs,  efpecially  when 
I made  it  by  impregnating  water  with  marine  acid 
air,  but  at  other  times  I was  not  able,  though  I 
endeavoured  to  do  it,  to  procure  it  without  colour. 
I have  fince,  however,  perfedtly  fatisfied  myfelf  with 
relpe61:  to  the  colour  of  this  acid,  and  can  at  any 
time  make  it  as  colourlels  as  water  itfelf,  the  colour 
always  coming  from  fome  impregnation,  generally, 
if  not  always,  of  fome  earthy  matter ; with  almoffc 
every  thing  of  which  kind  it  unites,  and  from  which 
it  generally  takes  fome  colour  or  other.  I can  alfo 
inftantly  difcharge  any  colour*  that  this  acid  has  ac- 
quired, and  reftore  it  again  at  pleafure,  as  will  appear 
in  the  courfe  of  thefe  obfervations. 

' As  I always  make  my  own  fpirit  of  fait,  as  well 
as  my  fpirit  of  nitre,  and  was  fatisfied  from  my 
former  obfervations,  that  colour  is  not  eflentlal  to 
this  acid,  any  more  than  to  the  nitrous,  or  the 
vitriolic;  on  the  firft  of  Aiiguft,  i777j  having  oc- 
cafion  for  a quantity  of  fpirit  of  fait,  I was  deter- 
mined to  make  the  diftillation  with  all  the  attention 
that  I could  give  to  it,  taking  the  produce  at  dif- 
ferent times,  which  is  my  general  cuftom,  and  which 
has  been  the  occafion  of  my  making  a variety  of 
important  obfervations.  I alfo  received  the  fuper- 
fluous  vapour,  or  marine  acid  air,  with  the  fame 
VoL.  III.  P precau- 
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precautiohs,  and  iii'  the  fame  manner.’  The  ap- 
paratus was  nearly  the  fame  with  that  of  which  a 
drawing  is  given  in  PL  V.  fig.  4.  The  retort  only 
being  much  larger,  and  ufing  phials  with  water 
jnftead  of  the  cup  g.  In  this  procefs  alfo  I feldom 
make  ufe  of  any  adopter. 

' Every  thing  being  thus  prepared,  and  having 
luted  the  veffels  with  a mixture  of  clay  and  fine 
fand,  T began  the  diftillation ; and  obferved  that 
the  firfl  produce  was  ftraw  coloured,  as  ufual ; but 
all  that  came  afterwards  was  quite  colourlefs,  like 
water.  Alfo,  all  the  impregnations  of  the  water 
.with  the  fuperfluous  vapour  'were  colourlefs.  But 
the  heat  happening  to  abate  towards  the  end  of  the 
procefs,  a quantity  of  water  rufhed  fuddenly  from 
the  phial  that  received  the  impregnation,  through 
the  receiver,  into  the  phial  that  contained  the  dif- 
tilled  acid ; when  all  the  acid  that  was  in  it,  which 
was  then  quite  colourlefs,  immediately  aflumed  as 
deep  a ftraw  colour,  as  that  of  the  firft  produce  of 
the  diftillation. 

This  procefs  might  have  been  fufficient  to  ex-’ 
plain  to  me  the  whole  myftery  of  the  colouring  of 
the  fpirk  of  fait  ^ but  it  did  not,  and  all  the  real 
advantage  I gained  by  it  was  having  in  my  poffef- 
Con  a large  quantity  of  pure  colourlefs  fpirit  of  fait, 
to  which  I might  endeavour  to  give  colour  in  fu- 
ture 
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ture  experiments.  For  all  the  hypothefis  that  oc- 
curred to  me  from  confidering  the  phenomena  of 
this  procefs  was,  that  the  colouring  of  this  acid,  as 
in  moft  other  cafes, . and  efpecially  in  fpirit  of  nitre, 
was  owing  to  heat,  or  phlogifton  ; fo  that  I was  mif- 
led  by  the  general  maxims  of  the  chemifts,  and  alfb 
by  the  analogy  of  the  two  acids,  and,  indeed,  that  of 
the  vitriolic  acid  alfo,  which  is  known  to  acquire  its 
black  colour  from  fubftances  containing  phlogifton. 

Thus  I confidered  the  colour  of  the  firft  produce 
of  fpirit  of  fait,  in  the  above-mentioned  procefs,  as 
fimilar  to  the  ufual  colour  of  the  firfl  produce  in 
the  diflillation  of  fpirit  of  nitre, ' viz.  to  fome  un- 
obferved  phlogiftic  matter  in  the  materials : and 
I confidered  the  deep  ftraw  colour  at  the  laft,  as 
occafioned,  likewife,  by  fome  phlogiftic  matter 
driven  into  the  veflel  by  the  hidden  rufhing  in  of 
the  water.  Befides,  I had  more  than  once  found 
fpirit  of  nitre  to  become  inftantly  of  a deep  green 
by  a ftmilar  rufhing  of  water  into  the  recipient. 

Conceiving  that  it  muft  be  phlogifton  that  gave 
colour  to  this  acid ; as  well  as  to  the  nitrous  acid 
and  the  vitriolic,  I imagined  I had  nothing  to  do 
but  to  difeover  the  proper  mode  of  combining 
them  j and  I made  trial  of  feveral  things  for  that 
purpofe,  as  putting  into  the  colourlefs  acid  bits  of 
charcoal,  quenching  hot  charcoal  in  it,  and  mixing 
with  it  various  other  fubftances  containing  phlo- 
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gifl:on>  both  hot  and  cold,  but  all  without  any 
effe6l. 

As  I had  given  colour  to  fpirit  of  nitre  by  merely 
heating  it  in  glafs  tubes  hermetically  fealed,  I fub- 
mitted  the  fpirit  of  fait  to  the  fame  trial ; and  for 
fome  time  imagined  that  I had  fucceeded.  For, 
in  feveral  inftances,  the  fpirit  of  fait  did  become 
coloured  in  thefe  circumftances. 

About  half  an  ounce  meafure  of  colourlcfs  fpirit 
of  fait  being  confined  in  a glafs  tube  an  inch  in 
diameter,  and  three  feet  long,  hermetically  fealed, 
on  being  expofed  to  heat,  prefently  afllimed  the 
deepeft  ufual  colour  of  fpirit  of  fait.  Sufpedling 
that  there  might  have  been  fome  unperceived  bit 
of  ftraw,  or  fome  fuch  thing  in  the  large  tube,  I 
took  a fmall  one  that  was  perfedtly  clean ; and  pre- 
paring it  in  the  fame  manner,  I expofed  it  to  the 
heat  of  a common  fire,  and  with  the  very  fame  re- 
fult.  The  acid  had  acquired  a perfeft  ftraw  co- 
lour. 

But  I was  more  confirmed  in  my  opinion  that 
it  was  heat,  or  phldgifton,  or  both,  that  produced 
this  effeft  by  finding  that  I got  a peculiarly  deep 
ftraw  colour  when  I had  inclofed  the  fpirit  of  fait 
in  a tube  in  which  fome  oil  had  been  before  ex- 
pofed to  heat  in  the  fame  manner,  and  to  which  ^ 
little  of  it  adhered : and,  what  I had  not  much  at- 
tended to  before,  I now  obferved  that  the  acid 
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retained  this  ftraw  colour  when  it  was  quite  cold. 
But,  notwithftanding  thefe  promifing  appearances, 
my  hypothefis  was  totally  overturned  by  finding,  a 
day  or  two  afterwards,  that  when  I had  expofcd 
two  glafs  tubes,  in  all  refpeds,  as  nearly  as  I could 
judge,  alike,  containing  the  fame  colourlefs  Ipirit 
of  fait,  to  the  fame  fire,  and  the  fame  length  of 
time,  only  one  of  them  acquired  the  ftraw  colour, 
while  the  other  continued  colourlefs,  as  at  firft. 
I examined  both  thefe  tubes  with  the  greateft  atten- 
tion, but  could  not  difcover  any  caufe  of  this  dif- 
ference. There  was  indeed,  more  of  the  earthy 
matter,  of  which  I fhall  treat  prefently,  in  the  tube 
in  which  the  acid  was  coloured,  but  that  in  which 
the  acid  continued  colourlefs  had  a fmall  cract  in 
it,  out  of  which  fome  of  the  acid  had  oozed,  fb 
that  I did  not  attribute  this  difference  of  colour 
to  that  circumftance. 

At  length,  on  the  6th  of  September,  I difeover- 
ed,  by  die  mereft  accident,  the  whole  myftery  of 
what  I had  been  fo  long,  and  fo  intently  invefti- 
gatlng.  For,  having  fome  other  ufe  for  the  phial 
which  contained  the  fpirit  of  fait,  I poured  it  into 
another  phial,  in  which  there  had  formerly  been 
fome  iron  filings  and  water,  and  the  fides  of  which 
had  a (light  incruftation  of  ochre,  which  is  known 
to  give  to  glafs  a tinge  that  is  not  eafily  got  out : 
but  the  moment  that  the  colourlefs  fpirit  of  fait 
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touched  this  red  incruftation,  it  became  of  a deep 
ftraw  colour,  and  the  phial  wherever  it  had  been 
touched  by  the  acid,  was  perfedly  clean. 

After  this  it  was  impoflible  not  to  conclude  that 
the  colour  of  fpirit  of  fait  is  not  owing  to  phlo- 
giftic  matter,  like  the  colour  of  oil  of  vitriol^  or 
that  of  fpirit  of  nitre,  but  to  an  impregnation  of 
fome  earthy  matter,  with  which  it  is  known  readily 
to  unite ; and  farther  obfervations  prcfently  placed 
this  hypothecs  beyond  all  poflible  doubt.  I was 
now  alfo  fatisfied,  that  the  firft  produce  of  fpirit  of 
fait,  in  the  procefs  above-mentioned,  muft  have 
touched  fome  of  the  clay,  or  fand,  with  which  the 
veflels  had  been  luted,  and  that  the  water,  in  its 
violently  rufhing  into  the  receiver^  muft  have  met 
with  more  of  it,  though  at  that  time,  fufpedting 
nothing  of  the  true  caufe  of  the  phenomenon,  I did 
not  perceive  it. 
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SECTION  11. 

Of  the  Impregnation  of  Marine  Acid  with  various 
earthy  Subjiances, 

HAV  I N G now  obferved  the  power  of  the 
marine  acid  to  diflblve  earths,  I was  defirous 
of  examining  the  circumflances  attending  various 
folutions  of  this  kind,  both  with  refped  to  the 
earths  themfejyes,  and  the  colour  of  the  faturated 
acid, 

Spirit  of  fait  diffolves  a great  quantity  of  ruji 
of  iron  with  effervefcence,  but  not  with  much  heat. 
The  mixture  was  of  a very  deep  brown,  and  -syhat 
was  not  diifolved  was  of  a dirty  blackifh  colour. 
But  pdfTibly  this  might  be  owing  to  the  rufl  of 
iron  not  being  perfedlly  free  from  all  foreign  mat- 
ters. The  fpirit  of  fait  thus  faturated  with  the 
ruft  of  iron  diifolved  iron  filings,  and  produced  in- 
flammable air  j after  which  it  was  green.  Having 
faturated  a quantity  of  fpirit  of  fait  with  the  ruft  of 
iron,  I evaporated  it  to  drynefs,  when  all  the  fluid 
part  was  difperfed  in  colourlefs  fumes,  and  the  ochre 
was  left  behind,  and  was  re-diffolved  by  frefli  fpirit 
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of  fait.  I would  obferve,  by  the  way,  that  fpirit  of 
fait  is  of  excellent  ufe  to  clean  glafs  veffels  tinged 
with  the  ruft  of  iron,  and  many  other  matters. 
This  may  pofTibly  have  been  known  to  others. 
To  me  the  obfervation  was  cafual,  but  of  great 
value. 

This  acid  dilTolved  a large  quantity  of  flowers  of 
zinc  with  great  heat  and  elfervefcence.  During 
the  folution  the  acid  became  of  a turbid  black 
colour,  but  when  it  flood  to  fubfide,  the  black 
matter  floating  in  it  was  depofited  upon  a mixture 
of  black  and  white  matter  at  the  bottom  of  the 
phial,  and  the  faturated  acid  was  quite  colourlefs, 
exaftly  like  water.  Alfo  when  I put  flowers  of  zinc  to 
fpirit  of  fait  deeply  coloured  with  the  ruft  of  iron, 
the  acid  became  colourlefs  again. 

Minium  became  white  by  the  affufion  of  the 
fpirit  of  fait,  which  acquired  from  it  a beautiful 
yellow  colour.  A great  quantity  of  it  was  diflblv- 
ed,  though  more  of  it  remained  undiflfolved  than 
of  the  flowers  of  zinc.  ^ When  the  red  colour  of 
the  minium  was  quite  difcharged,  frefh  fpirit  of 
fait,  though  it  diffolved,  and  became  faturated  with 
the  white  minium,  acquired  no  colour  from  it. 

When  I had  frequently  wafhed  a large  quantity 
of  minium  in  fpirit  of  fait  (though  not  till  no  more 
of  it  would  have  been  diflblved)  I put  it  into  a 
green  glafs.  retort,  and  expofing  it  to  as  much  heat 
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as  the  glafs  would  bear,  I got  from  it  hardly  any 
fixed  air,  but  about  as  much  dephlogifticated  air 
as  I imagine  it  would  have  yielded  before  any 
fpirit  of  fait  had  been  applied  to  it.  It  feems, 
therefore,  that  the  fpirit  of  fait  has  no.  power 
of  affedling  its  property  of  yielding  dephlogifti- 
cated air.  The  matter  melted  into  a red  fluid 
fubftance,  which,  when  cold,  expanded,  and  broke 
the  retort.  This  refiduum  gave  a yellow  tinge  to 
Ijpirit  of  fait. 

Spirit  of  fait,  I have  obferved,  diflblves  a great 
quantity  of  minium.  In  order  to  difcover  what  be- 
came of  the  dephlogifticated  air  it  contains,  I dif- 
tilled  a quantity  of  that  folution,  which  was  of  a yel- 
low colour,  made  by  the  firft  aftlifion  of  the  acid. 
When  the  folution  became  hot  it  yielded  a quantity 
of  dephlogifticated  air,  mixed  with  a very  fmall 
quantity  of  fixed  air,  fo  as  to  make  lime  water  tur- 
bid only  in  the  flighteft  degree.  As  it  boiled,  no  air 
at  all  was  procured,  nor  when  it  was  diftilled  to 
drynefs. 

I treated  in  the  fame  manner  a faturated  folution 
of  white  minium,  made  fo  by  its  colour  having  been 
difcharged  by  a previous  affufion  of  the  acid.  But 
this  folution  yielded  no  air  at  all  from  the  beginning 
to  the  end  of  the  procefs.  Nor  was  the  common 
“ air  in  the  retort  phlogifticated  either  at  the  beginning 
or  the  end. 
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Spirit  of  fait  diflblved  a great  quantity  of  red  pre^ 
dpitatCy  with  great  heat,  but  without  effervefcence. 
During  the  folution  the  acid  was  of  a turbid 
white  colour,  and  the  precipitate  is  generally  black, 
though  fome  parts  of  it  continued  red  till  they  were 
quite  diffolved.  But  what  remained  undilTolved  at 
the  laft  was  all  black.  After  it  had  fubfided,  all  the 
opake  matter  was  depofited,  and  the  acid  was  beau- 
tifully tranfparent. 

This  acid  diflblves  a great  quantity  of  lapis  cola- 
mnaris^  but  not  the  whole  of  any  part  of  it.  The 
folution  is  made  without  heat,  and  it  leaves  no  co- 
lour whatever  in  the  fpirit  of  fait. 

Spirit  of  fait  had  no  effedt  whatever  on  crude  an^ 
timonyy  on  wolframy  calcined  or  uncalcined,  or  on 
white  arjenic.  It  is  not  affe6led  by  vermilion  imme- 
diately \ but  in  time  it  acquires  from  it  a delicate 
yellow  colour.  It  has  alfo  no  fenfible  immediate 
efFe6t  on  the  black  powder  into  which  mercury  is 
converted  3 but  when  lead  is  mixed  with  it,  ip,  in 
time,  acquires  a deep  orange  colour  from  it.  This 
muft  be  produced  by  its  feparating  the  palx  of  lead 
from  the  fuperphlogifticated  mercury,  with  which 
it  is  mixed. 

All  the  above  ‘mentioned  folutions  are  thofe  of 
metallic  earths,  or  other  metallic  matters,  in  fpirit 
of  fait;  The  following  obfervations  relate  to  the  fo- 
lution of  earthy  fuhjlances  of  a different  kind  in  the 
fame  acid. 
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Colourlefs  Ipirit  of  fait  diflblves  completely  a 
great  quantity  of  very  white  limey  and  is  then  of  a 
ftraw  colour ; and  the  fame  was  the  efFe6l  of  the  fo- 
lution  of  a pure  lime  from  oyfber  Ihells.  It  alfo  dif- 
folved  as  much  lime  of  a common  fort,  and  was  then 
of  a true  orange  colour.  But  this  feemed  to  be 
owing  to  a browniih  matter  in  the  lime,  which  was 
probably  fome  earth  of  iron  that  was  contained 
in  it. 

This  acid  diflblves  a large  quantity  of  calcined 
magnefiUy  and  is  then  of  a ftraw  colour. 

It  does  not  fenfibly  affe6t  glajsy  but  when  it  was 
confined  in  a glafs  tube  hermetically  fealed,  with  a 
quantity  of  pounded  glaJsy  and  expofed  to  a boiling 
heat,  the  glafs  feemed  to  be  a good  deal  diftblved, 
and  the  acid  became  of  a ftraw  colour. 

From  pipe  day  fpirit  of  fait  acquires  a delicate 
yellow  colour. 

Wood  aJheSy  out  of  which  air  had  been  expelled 
by  heat,  were  diftblved  in  fpirit  of  fait,  and  be- 
came black,  but  the  colour  of  the  acid  was  not 
changed. 

The  following  fubftances  were  not  fenfibly  aftedl- 
ed  by  fpirit  of  fait,  viz.  plaifter  of  Paris,  fteatites,.. 
flint,  zeolyte,  fluor  cruft,  Mofcovy  talc,  cream 
of  tartar,  fedative  fait,  or  borax.  It  had  alfo  no 
efle6l  on  the  black  matter  that  remains  in  the  retort 
after  the  procefs  for  making  ether. 
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The  black  flakes,  which  remain  after  the  folu- 
tion  of  filver  in  fpirit  of  nitre,  are  diflblved  by  fpirit 
of  fait,  and  impart  to  it  a yellow  colour. 

It  appears  to  me  that  it  might  be  of  confiderable 
importance  to  the  advancement  of  chemical  know- 
ledge to  go  through  with  the  examination  of  all 
earthy  fubftances  in  this  manner,  afcertaining  whe- 
ther they  be  foluble  or  infoluble  in  fpirit  of  fait,  and 
noting  all  the  phenomena  refpedling  either  the  earths 
themfelves,  or  the  acid,  and  comparing  the  refults 
with  the  effedls  of  other  acids,  &c.  on  the  fame 
earths.  If  any  thing  of  this  kind  be  done,  at  leaft 
to  much  extent,  it  is  unknown  to  me. 
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Experiments  relating  to  the  Dlfcharge  of  the  Colour  of 
various  Solutions  made  by  the  Marine  Acid. 

I HAVE  mentioned  one  inftance  in  which  a co- 
loured fpirit  of  fait  had  its  colour  difcharged  by 
a fecond  faturation.  Afterwards  I accidentally  found 
another  fubftance  that  produced  the  fame  effeft  j and 
having  had  the  curiofity  to  carry  my  obfervations 
relating  to  this  fubjedt  to  fome  length,  I was  for- 
tunate enough  to  fucceed  in  the  inveiligation  be- 
yond what  I expedted,  though  much  ftill  remains 
to  be  afcertained  with  refpedl  to  it. 

I had  been  extradling  air  from  cream  of  tartar  by 
means  of  oil  of  vitriol,  firfl:  in  a phial  with  a ground 
Hopper,  with  very  little  heat,  and  then  with  a red 
hot  fand  heat.  The  black  refiduum  I diffolved  in 
fpirit  of  fait,  which  was  of  the  ufoal  flraw  colour, 
and  I found  that,  inftead  of  giving  any  colour  to  it 
(which  confidering  the  blacknefs  of  the  fubftance, 

I fully  expedled)  it  made  it  perfedlly  colourlefs  like 
water;  and,  during  the  folutlon,  I perceived  a 
ftrong  fmell  of  liver  of  fulphur.  Afterwards  I had 
the  fame  refult  from  the  refiduum  of  a mixture  of 
I oil 
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oil  of  vitriol  and  cream  of  tartar,  which  had  not 
been  calcined.  This  matter  being  expofed  to  the 
open  air  attrafted  the  moifture  of  the  atmofphere 
very  ftrongly,  and  had  the  confiftence  and  fmell  of 
treacle.  In  time  the  more  folid  part  formed  itfelf 
into  a cake,  and  pouring  off  the  watery  part,  I dried 
the  reft  for  other  purpofes. 

After  this  I had  the  fame  effedt  from  the  mere 
coal  of  cream  of  tartar^  calcined  to  blacknefs.  The 
fmell  of  this  tartar,  during  the  calcination,  exadly 
refembled  that  of  fugar  or  treacle.  T o Ipiric  of 
fait,  this  coal,  which  was  diffolved  by  it  very  rapid- 
ly,  gave  no  colour  whatever ; but,  on  the  contrary, 
difcharged  whatever  colour  it  had  acquired  by  any 
other  impregnation  ; provided  that,  as  in  all  the 
former  cafes,  the  colour  was  not  too  deep  in  propor- 
tion to  the  quantity  of  the  coal  of  tartar.  For  the 
purpofe  of  thefe  experiments  I happened  principally 
to  make  ufe  of  a quantity  of  fpirit  of  fait  which  had 
acquired  a beautiful  yellow  colour  from,  the  folution 
of  the  white  matter  that  remains  after  diftilling  to 
drynefs  a quantity  of  common  oil  of  vitriol,  the  co- 
lour of  this  folution  being  eafily  difcharged  by  a 
fmall  quantity  of  the  coal  of  tartar,  and  thereby  an- 
fwering  my  purpofe  remarkably  well  in  the  fubfe- 
quent  experiments. 

Tartar  calcined  to  whitenefs  (the  black  colour 
being  expelled  by  long  continued  heat)  had  the  fame 
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efFedt  on  the  coloured  fpirit  of  fait  with  the  black 
coal  of  tartar,  and  was  dilTolved  with  equal  rapidity. 
The  power  of  this  coal  of  tartar  to  difcharge  the  co- 
lour of  Ipirit  of  fait  was  exhaufbed  by  being  ufed  for 
thispurpofe.  For  when  it  had  difcharged  the  co- 
lour of  one  impregnation,  and  was  taken  out,  well 
walked,  and  dried,  it  had  no  effedt  a fecond  time^ 
It  alfo  loft  this  virtue  by  being  walked  with  fpirit 
of  lalt  that  had  not  been  coloured  with  any  impreg- 
nation. ' 

The  folution  of  fait  of  tartar  in  fpirit  of  fait  very 
much  refembled  the  folution  of  the  coal  of  tartar  in 
it,  and  after  the  longeft  calcination  that  I ever  gave 
the  coal  of  tartar,  it  ftill  yielded  a great  quantity  of 
fixed  air.  But,  notwithftanding  this  refemblance, 
the  Jalt  of  tartar  had  no  effedl  on  the  colour  of  this 
acid,  neither  was  the  colour  fenlibly  affedled  by  an 
impregnation  with  fixed  air.  It  was  not,  therefore, 
the  fixed  air  in  the  tartar  that  had  produced  this 
effedt. 

I have  obferved  that  the  coal  of  tartar,  during 
its  folution  in  the  fpirit  of  fait,  emitted  a fmell  of 
liver  of  fulphur.  This  gave  me  the  hint  of  trying 
liver  of  fulphur,  and  I prefently  found  it  an- 
fwered  my  purpofes  much  better  than  the  coal  of 
tartar  itfelf,  difeharging  inftantly  the  deepeft  yellow 
colour  that  the  acid  ever  acquired.  It  was  evident, 
therefore,  that  the  difcharge  of  the  colour  was  owing 

to 
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to  fomething  common  to  the  coal  of  tartar  and 
liver  of  fulphur,  which  I imagined  to  be  phlogifton 
in  fome  common  (late,  an  hypothefis  which  was 
rendered  more  probable  by  an  experiment  that  will 
be  recited  prefently;  though  it  is  certainly  not  fa^ 
voured  by  the  flowers  of  zinc  producing  the  fame 
effed. 

The  moft  remarkable  circumftance  relating  to 
the  difcharge  of  the  colour  of  fpirit  of  fait  is  that, 
when  it  is  expofed  to  the  open  air,  it  never  fails  to 
recover  the  colour  that  had  been  difcharged,  and  a 
very  little  air  confined  in  the  fame  phial  with  it  is. 
fufficient  for  the  purpofe. 

The  firft  time  that  I obferved  this,  was  when  I 
had  coloured  a quantity  of  fpirit  of  fair  with  the 
refiduum  of  oil  of  vitriol,  which,  as  I have  obferved, 
gives  it  a yellow  tinge,  and  had  difcharged  the  co- 
lour by  the  folution  of  black  coal  of  tartar.  For 
when  I had,  for  fome  purpofe  or  other,  taken  out 
the  flopper  of  the  phial  in  which  it  was  kept,  I found 
that,  in  a few  days,  it  had  completely  recovered  its 
former  yellow  colour. 

When  this  procefs  is  made  in  a tall  phial,  it  is 
pleafmg  to  pbferve  how  the  reftoration  of  the  co- 
lour begins  at  the  top,  and,  in  the  courfe  of  a few 
days,  defcends  gradually  to  the  bottom.  But  let  it 
be  kept  ever  fo  long  in  a phial  clofed  flopped,  where 
no  air  can  have  accefs  to  it,  and  it  will  always  con- 
tinue 
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tinue  colourlefs.  I once  kept  a quantity  of  fpirit  of 
fait,  firft  coloured,  and  then  rendered  tranfparent,  in 
this  manner,  federal  months,  in  a phial  with  a giafs 
ftopper,  and  it  continued  colourlefs  all  the  time  ; 
but  upon  taking  out  the  ftopper,  it  recovered  in  a 
few  days  its  original  colour,  ^but  more  coal  of  tar- 
tar difcharged  this  colour  a fecond  time. 

I once  had  an  inftance  of  a quantity  of  this  acid 
recovering  its  colour  fpontaneoufly  in  a manner  that 
I cannot  well  account  for.  After  the  colour  had 
been  completely  difcharged,^ it  had  been  confined  in 
a phial  with  a giafs  ftopper,  and  a very  fmall  quan- 
tity of  air.  In  thefe  circumftances  it  recovered  its 
iColour  in  two  or  three  days ; but,  in  a few  days  more, 
without  having  been  opened  in  the  mean  time,  it 
was  found  colourlefs  again.  1 fuppofe  there  might  re- 
main enough  of  the  black  coal  in  the  acid  to  difcharge 
all  the  colour  it  had  been  able  to  recover  by  means 
of  the  air  on  its  furface  but  then  why  did  not 
the  fame  caufe  prevent  its  recovering  its  colour  at 
all? 

Something  limilar  to  this  was  the  following  ob* 
fervation.  On  the  19th  of  November  1778,'  hav- 
ing a quantity'  of  fpirit  of  fait  which  had  acquired  a 
deep  yellow  colour  from  various  impregnations,  I 
took  two  equal  quantities  of  it,  and  putting  them 
into  equal  phials,  I difcharged  the  colour  of  one  of 
them  with  liver  of  Julfhur^  and  that  of  the  other 
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' with  flowers  of  zincy  obferving  that  a large  quantity 
of  the  latter  was  neceffary  for  the  purpofe,  but  only 
a very  fmall  quantity  of  the  former.  In  the  dif- 
charge  of  the  colour  with  the  flowers  of  zinc  I alfo 
perceived  a flight  fmell  of  liver  of  fulphur. 

Thefe  two  phials,  containing  equally  colourlels 
fpirit  of  falt^  I covered  with  equal  jars  of  common  air 
Handing  in  water  3 and  in  a day  or  two  perceived 
that  the  acid  in  both  of  them  had  begun  to  recover 
its  yellow  colour ; but  that  in  which  the  colour  had 
been  difcharged  with  flowers  of  zinc  went  no  farther 
than  about  half  way  towards  the  bottom  of  the  phial, 
and  then  the  acid  gradually  became  colourlefs  again ; 
whereas  the  acid  in  the  other  phial  completely  re- 
covered its  former  colour.  Thus  they  continued 
without  any  appearance  of  a farther  change,  till  De- 
cember 3,  when  I examined  the  air  to  which  they 
had  been  expofed,  and  found  it  nearly  in  the  fame 
Hate  in  them  both,  and  confiderably  worfe  than 
common  air.  With  the  air  expofed  to  the  phial 
with  the  flowers  of  zinc  the  meafures  of  the  tell 
were  1.35,  and  with  the  liver  of  fulphur,  1.33* 
With  the  common  air,  at  the  fame  time,  they  were 
1.2.  Confidering  the  difference  of  the  circumftances 
in  this  experiment,  I had  expelled  a greater  differ- 
ence in  the  refult. 

Both  liver  of  fulphur  and  flowers  of  zinc,  I have 
obferved,  dilcharge  the  colour  of  fpirit  of  fait.  But 
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when  I difeharged  the  colour  of  a quantity  of  this 
acid,  made  very  yellow  with  various  impregnations, 
with  liver  of  fulphur,  it  recovered  its  colour  by  being 
expofed  to  the  open  air.  On  the  contrary,  though 
flowers  of  zinc  produced  the  fame  efFedt,  in  dis- 
charging the  colour  of  another  portion  of  the  fame 
acid,  the  colour  did  not  return  by  expofure  to  the 
air,  not  even  though  liver  of  fulphur  was  afterwards 
put  to  it. 

It  is  evident  from  thefe  experiments,  that  the  co- 
lour  of  thefe  impregnations  arofe  from  their  imbibing 
dephlogifticated  air  from  the  atmolphere. 


SECTION  IV. 

Of  ^he  Effe5i  of  a continued  Heat  on  Spirit  of  Salt  in 
Glafs  Tubes  hermetically  fealed. 

T TAVING  made  thefe  folutions  of  earthy  mat- 
-I  A ters  in  fpirit  of  fait,  I expofed  feveral  of  the 
faturated  folutions,  and  other  things  into  which  the 
marine  acid  enters  to  a continued  heat,  and  noted 
feveral  remarkable  efFedts  of  that  procefs.  But  be- 
fore I relate  any  of  them,  it  will  be  proper  to  give 
Q 2 an 


OBSERVATIONS  ON 


Part  IL 


228 

an  account  of  the  treating  of  pure  fpirit  of  fait  in 
the  fame  manner,  befides  what  has  been  faid  of  this 
procefs  in  a former  fedion.  In  general,  the  fpirit 
of  fait,"  expofed  to  heat  in  glafs  tubes  hermetically' 
fealcd,  is  enabled  to  do  what  it  is  incapable  of  in 
other  circumftances,  viz.  to  dilTolve  the  glafs  itfelf^ 
and  more  eafily  to  feize  upon  metallic  matters,  as 
the  calx  of  lead,  and  therewith  to  form  a concrete 
fubftance,  into  which  the  acid  itfelf  enters. 

On  the  30th  of  Auguil,  1777,  1 expofed  to  a 
boiling  heat,  in  a glafs  tube  about  four  feet  long,  and 
one  third  of  an  inch  in  diameter,  as  much  fpirit  of 
fait  as  meafured  in  the  tube  about  an  inch  in  length, 
and  kept  it  boiling  about  two  hours.  After  this  the 
acid  was  ftill  quite  tranfparentj  and  the  quantity  not 
fenfibly  changed  ; but  I obferved  that  there  was 
formed,  as  it  cooled,  a number  of  fmall  cryftals, 
perfeddy  white,  at  the  bottom  of  the  acid,  and  ad- 
hering to  the  fides  of  the  tube.  When  I melted  the 
end  of  the  tube  with  a blow  pipe,  the  preffure  of 
the  atmofphere  forced  the  glafs  inwards.  From  this 
it  was  evident  that  there  had  been  a decreafe  of 
elallic  matter  within  the  glafs,  which  muft  have 
been  produced  by  the  incorporation  of  the  acid  va- 
pour in  the  cryftals  that  I have  mentioned : for  had 
it  been  a mere  abrafion  of  the  glafs,  befides  that  it 
would  have  been  a powclery  fubftance,  and  not  in 
a concrete  mafs,  the  acid  vapour  would  have  been 
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fet  loofe  by  the  heat,  and  therefore  would  have 
prefled  the  foftened  glafs  outwards. 

Making  ufe  of  a tube  an  inch  wide,  and  putting 
into  it  half  an  ounce  meafure  of  tranfparent  fpirit  of 
fait,  the  cryftals  began  to  be  formed  in  about 
an  hour  above  the  furface  of  the  acid,  and  coated 
the  tube  about  three  inches,  but  all  of  it  on  the  up- 
per flde,  the  tube  having  been  placed  in  an  inclined 
pofition. 

When  I expofed  to  the  fame  heat  the  two  Cubes 
mentioned  before,  in  one  of  which  the  acid  was  co- 
loured, and  the  other  not,  I obferved  that  more  of 
this  folid  matter  was  formed  in  the  former  than  in 
the  latter,  the  acid  having  become  coloured  by  dif- 
folving  the  glafs. 

When  any  of  thefe  tubes  happened  to  be  cracked 
in  the  procefs,  which  was  frequently  the  cafe,  there 
was  always  a confiderable  incruftation  formed  on  the 
outflde  of  the  glafs,  fpreading  from  the  crack,  out 
of  which  the  acid  had  efcaped. 

Having  obferved  that,  in  proportion  as  this 
earthy,  or  rather  faline  matter  was  formed,  the 
acid  was  diminifhed  ; to  try  whether  there  was 
any  difference  in  the  acid  that  remained  from 
what  it  had  been,  I took  it  out  of  the  tube  in  which 
it  had  been  expofed  to  the  heat,  and  expofed  it  again 
in  a frefli  tube ; but  I found  that  more  faline  mat- 
ter was  formed  in  this  tube,  exadly  as  in  the  for- 
mer. I repeated  the  fame  procels  on  the  acid  that 
0-3  remained 
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remained  in  the  fecond  tube,  by  putting  it  into  a 
third,  when  more  faline  matter  was  produced ; ^nd 
this  I repeated  till  very  little  liquid  acid  remained, 
though  the  tube  broke,  and  a little  remaining  acid 
efcaped,  before  I had  quite  finilhed  my  procefs  upon  it. 

At  length,  however,  I completely  effeded  what 
1 had  been  in  purfuit  of.  For  I expofed  a quantity 
of  acid  in  this  manner  till  nothing  liquid  remained  in 
the  tube.  This  acid  was  diftilled  water  impreg- 
nated with  marine  acid  air,  the  quantity  was  about 
half  an  inch  in  length,  in  a glafs  tube  a quarter  of  an 
inch  in  diameter.  The  lower  part  of  the  tube  had 
a thick  incruftation  of  white  matter,  and  no  more 
moifture  remained  within  it,  than  what  adhered 
to  the  fades  of  the  tube,  and  would  not  run  down  it. 

Though  the  acid  continued  to  the  laft  to  dilTolve 
the  glafs,  it  was  evidently  weakened  by  the  conti- 
nuance of  this  procefs,  fo  that  though  both  the  ma- 
rine acid  air,  and  the  water  with  which  it  was  incor- 
porated, had  entered  into  the  compofition  of  the  fa- 
iine  matter  formed  within  the  tube,  there  was  in  it 
more  of  the  acid  than  of  the  water.  Having  ex- 
traded  a confide r able  quantity  of  this  faline  matter 
from  one  of  thefe  tubes,  I took  out  the  remaining 
acid,  and  from  a given  meafure  of  it,  diluted  with 
water,  and  bits  of  iron,  I got  three  ounce  meafures 
of  inflammable  air  ; whereas  from  the  fame  quan- 
tity of  the  fame  original  fpirit  of  fait  I got,  in  the 
fame  circumllances  4,1  ounce  meafures.  . Allow- 
ance, 
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ance,  however,  muft  be  made  for  the  vapour  that 
had  efcaped  in  pouring  the  acid  into  the  tube,  and 
out  of  it  again. 

In  order  to  get  a quantity  of  this  faline  matter,  I 
kept  a large  tube  with  about  an  ounce  meafure  of 
Ipirit  of  fait  in  the  fand  furnace  near  three  months, 
and  fucceeded  pretty  well.  It  was  all  formed  in  or 
near  the  furface  of  the  acid.  The  heat  had  been  very 
moderate.  For  great  care  muft  be  taken  left  the 
glafs  fhould  burft  in  this  procefs.  It  feems,  how- 
ever, that  when  the  heat  is  more  conftderable,  the 
hotter  acid  may  diflblve  the  concreted  faline  matter 
that  it  comes  into  contad  with,  as  appears  in  the 
following  experiment. 

Having  expofed  two  pennyweights  of  colour- 
lefs  fpirit  of  fait,  in  a long  tube,  about  one  third  of 
an  inch  in  diameter,  the  tube  was  prefently  incrufted 
about  the  length  of  nine  inches  with  the  faline  mat- 
ter, but  very  thin  ; and  I obferved  that  there  was 
none  of  it  within  an  inch  of  the  furface  of  the  fluid. 
Then  making  it  boil  more  violently,  I obferved 
that  whenever  the  hot  acid  reached  the  incruftation, 
it  diftblved  it,  and  wafhed  the  glafs  quite  clean. 
By  this  means  all  the  incruftation  was  prefently 
walked  off,  and  while  the  acid  continued  to  boil,  it 
did  not  appear  again. 

The  reafon  why  this  incruftation  was  generally  . 
made  at,  or  rather  above  the  furface  of  the  boiling 
0^4  acid. 
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' acid,  feems  to  be,  that  the  acid  was  there  the  moft 
concentrated,  on  its  expulfion  from  the  water  ; and 
this  made  a ftr iking  difference  between  thefe  experi- 
ments, made  with  fpirit  of  fait,  and  fome  which  I 
made  with  water  in  the  fame  manner.  For  when  I 
bent  the  tubes  at  each  end,  and  expelled  the  liquors 
by  heat  from  one  end  of  the  tubes  to  the  other  al- 
ternately, I obferved  that  with  the  fpirit  of  fait  the 
incruftations  were  always  made  above  the  furface  of 
the  boiling  liquor;  whereas,  in  the  tubes  which 
contained  water  only,  the  incruftations  were  always 
made  at  the  place  from  which  the  water  laft  eva- 
porated. 

That  the  fpirit  of  fait,  in  thefe  experiments,  dif- 
folves  the  glafs,  and  efpecially  the  lead  that  was 
in  it,  appeared  from  the  following  obfervation, 
which  was  firft  made  by  Mr.  Magellan,  who  hap- 
pened to  be  with  me  at  the  time.  We  had  waftied 
a quantity  of  this  earthy,  or  faline  matter,  in  diftilled 
water;  when  he  obferved  that  the  water  had  the 
tafte  of  Jaccharum  Jaturni^  and  when  the  water  that 
had  been  ufed  in  this  manner  was  mixed  with  pump 
water,  it  turned  it  white,  a manifeft  proof  of  its 
containing  a folution  of  lead. 

Spirit  of  fait  not  only  diffolved  this  matter  whea 
it  was  hot,  but  alfo  a conftderable  proportion  of  it 
•When  it  w^as  cold.  When  I had  wafhed  a quantity 
of  it  frequently  with  diftilled  water,  till  it  was  quite 
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infipid,  it  was  not  at  all  afFedled  by  oil  of  vitriol, 
or  fpirit  of  nitre ; but  when  I had  poured  upon  it 
fome  fpirit  of  fait,  and  let  them  continue  together 
a whole  day,  three  grains  of  it  were  reduced  to  a 
grain  and  a half ; fo  that  half  of  it  was  diflblved  by 
the  fpirit  of  fait,  and  the  acid  acquired  a deep 
orange  colour.  As  all  the  faline  matter  had  been 
walhed  out  of  this  fubftance  by  the  water,  what 
remained  mull  have  been  the  earth  of  the  glafs 
reduced  to  a powdery  forrn,  proper  for  the  fpirit 
of  fait  to  a6t  upon. 

There  was  an  incriiftation  of  whitifli  matter  when 
I made  thefe  experiments  in  the  green  or  the  black 
bottle  glafs,  which  has  no  lead  in  it,  but  it  is  mani^ 
feftly  of  a different  nature  from  that  which  is  form- 
ed in  the  flint  glafs.  The  quantity  is  much  lefs, 
and  it  differs  from  the  other  in  feveral  refpeds. 
When  1 dipped  a large  piece  of  a glafs  tube,  com- 
pletely covered  with  this  incruftation,  and  which 
was  perfectly  white,  in  frefh  fpirit  of  fait,  it  prefently 
difappeared,  as  if  the  acid  had  diflfolved  it  all  at 
once;  and  the  incruftation  feemed  to  imbibe  the 
acid,  as  a wet  fpunge  imbibes  water : for  when  the 
lower  part  of  it  was  dipped  in  the  acid,  it  prefently 
afcendcd,  and  moiftened  the  upper  part.  But  when 
1 took  this  tube  out  of  the  acid,  and  dided  it  in 
the  open  air,  the  incruftation  re-appeared,  exa<ftly 
as  at  firft.  Alfo  the  acid  in  which  it  had  been  long 
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plunged  was  not  tinged  by  it,  or  only  in  the  fmall- 
eft  degree  imaginable. 

This  incruftation  alfo  adhered  much  more  firmly 
to  the  green  glafs  than  to  the  flint,  and  when  it  was 
fcraped  off  with  the  point  of  a knife,  though  it  left 
the  glafs  tranfparent,  it  was  not  quite  fo  well  polifh- 
ed  as  before : fo  that,  probably,  the  glafs  had 
been,  as  it  were,  abraded,  the  texture  being  broken, 
but  non  fo  much  as  to  make  it  feparate  from  the 
tube. 

I fhall  in  this  place  mention  an  experiment  fimi- 
lar  to  thofe  above  on  the  marine  acid  air  itfelf.  I 
buried  a flint  glafs  tube  filled  with  this  kind  of  air 
in  hot  fand,  and  let  it  continue  there  fome  weeks. 
When  I took  it  out,  it  was  covered  with  a white 
incruftation.  I broke  the  end  of  the  tube  under 
^ quicldilver,  and  found  that  feven  eights  of  the 
whole  quantity  had  been  abforbed,  and  water  im- 
bibed about  half  the  remainder.  The  very  little 
that  was  left  was  phlogifticated  air.  This  tube  had 
been  filled  with  fo  much  care,  that  I cannot  think 
there  had  been  any  common  air  in  it. 

I have  feveral  times  repeated  this  experiment, 
and  find  that  no  great  degree  of  heat  is  requifite 
to  convert  the  marine  acid  air  into  this  white  fub- 
ftance.  It  is  not  at  all  affeded  by  fpirit  of  fait. 
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SECTION  V. 

Of  the  dephlogifticaied  Marine  Acid. 

SEVERAL  years  ago  Mr.  Woulfe  informed 
me,  that  he  thought  that,  by  operating  in  my 
way,  I fhould  be  likely  to  find  fomething  remark- 
able in  the  folution  of  manganeje  in  fpirit  of  fait ; 
but,  in  a very  friendly  manner,  he,  at  the  fame 
time,  cautioned  me  with  refpedl  to  the  vapours 
that  would  ifluc  from  it,  as,  from  his  own  experi- 
ence, he  apprehended  it  was  of  a very  dangerous 
nature.  He  was  alfo  fo  obliging  as  to  furnifii  me 
with  a quantity  of  manganefe  for  the  purpofe.  I 
cannot  fay  that  it  was  the  apprehenfion  of  danger, 
but  rather  having  other  things  in  view,  that  pre- 
vented my  giving  much  attention  to  the  fubjed;  at 
that  time ; and  I fiiould  probably  have  deferred  it 
ftill  longer,  had  not  Mr.  Fabroni  informed  me  of 
the  dephlogifticating  power  of  manganefe  with  re- 
fpe6b  of  fpirit  of  fait,  difcovered  by  Mr.  Berg*, 
man 

This  information  fuggefted  a wifh  to  procure  a 
quantity  of  a perfectly  dephlogifticated  marine  acid, 
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in  order  to  fatisfy  myfelf  whether  it  would  then 
yield  any  acid  air,  as  it  does  in  its  common  ftate, 
that  is,  when  phlogifticated ; fufpedling  that  it  would 
not,  as  I had  always  imagined  that  a certain  por- 
tion of  phlogifton  is  necelTary  to  all  fubftances,  and 
elpecially  acids,  affuming  the  form  of  air. 

The  experiments  that  I have  made  upon  this 
fubjedt  give  much  weight  to  this  opinion,  and  at 
the  fame  time  throw  great  light  on  the  general 
dodtrine  of  thefe  kinds  of  air.  For  it  appears  that 
the  marine  acid,  when  it  is  deprived  of  its  phlo- 
gifton, is  brought  into  a ftate  very  nearly  refembling 
the  nitrous  acid;  being  then  incapable  of  being 
exhibited  in  the  form  of  air,  that  is,  of  air  capable 
of  being  confined  by  quickfilver.  For  the  mo- 
rnent  that  the  vapour,  which  then  iflues  from  it,  is 
admitted  to  quickfilver,  it  unites  with  it,  and  forms 
a white  powdery  fubftance,  in  the  fame  manner  as 
the  nitrous  acid  vapour  does ; and  when  I refums 
thefe  experiments,  I ftiall  probably  find  that,  with 
oily  and  other  • fubftances,  this  dephlogiftieated  ma^ 
rine  acid  vapour  will  form  compounds  equally  ftmi- 
lar  to  thofe  formed  with  them  by  the  nitrous  acid 
vapour.  This  is  a new  field  that  is  yet  before 
me. 

From  this  analogy  it  is  evident,  that  nothing  is 
wanting  to  the  nitrous  acid  vapour,  to  its  affuming 
the  form  of  air^  but  a fufEcient  quantity  of  phlo- 

gifton; 
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gifton ; and  when  it  has  got  this  phlogifton,  it  is 
nitrous  air.  This,  therefore,  is  probably  the  neareft 
approach  that  we  fhall  ever  make  towards  bring- 
ing the  nitrous  acid  into  the  form  of  air;  and  it  is 
probably  the  combination  of  fo  much  phlogifton 
with  this  acid,  in  the  compofition  of  nitrous  air, 
that  makes  it  not  fo  readily  abforbed  by  water,  as 
the  marine  acid  air,  or  vitriolic  acid  air ; both  which 
feem  to  be  compounds  exadly  fimilar  to  that  of 
nitrous  air.  I fliall  relate  the  experiments  which 
led  to  thefe  ideas  in  the  order  in  which  I made 
them, 

1 began  with  putting  fpirit  of  fait  upon  man- 
ganefe,  and  then  diftilling  it,  as  Mr.  Fabroni  had 
direded  me ; when  the  firft  obfervation  that  ftruck 
me,  was  a peculiar  fmell,  exadtly  refembling  that 
which  is  procured  by  dilTolving  red  lead  in  the 
fame  acid.  I then  put  a quantity  of  this  diftilled 
acid  into  a phial  with  a ground  ftopper,  and  a tube 
connefted  with  it,  and  proceeded  as  I fhould  have 
done  to  expel  air  from  any  other  fubftance,  with 
the  flame  of  a candle,  receiving  the  produce  in 
quickfilver.  On  the  application  of  heat,  in  thefe 
circumftances,  it  was  eafy  to  perceive  that  air,  or 
vapour,  was  expelled ; but  it  was  inftantly  feized  by 
the  quickfilver,  and  formed  a black  cruft. 

Examining  the  air  that  was  lodged  at  the  top  of 
the  phial,  and  confequently  had  been  mixed  with 
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this  acid  vapour,  I found  it  very  little,  if  at  all,  in- 
jured. This  was  owing  to  there  being  little  or  no 
phlogifton  combined  with  the  vapour,  or  feparable 
from  it. 

I then  fully  impregnated  a quantity  of  fpirlt  of 
fait  with  manganefe,  by  confining  them  together 
^in  the  fame  phial ; and  I afterwards  endeavoured  to 
expel  air  from  the  acid  thus  altered.  But  ftill  the 
'vapour  that  came  over  immediately  united  with 
the  quickfilver,  and  made  a kind  of  amalgam  with 
it,  which,  when  dry,  was  a whitifh  or  grey  powder. 
The  common  air  within  the  phial  wa^  not  injured 
in  this  cafe,  any  more  than  in  the  former. 

The  above-mentioned  powdery  fubftance,  being 
expofed  to  the  heat  of  a candle  on  a piece  of  thin 
glafs,  evaporated  in  white  fumes,  but  left  behind 
it  a fmall  quantity  of  reddilh  matter,  not  very  un- 
like red  precipitate ; which  is  another  refemblancc 
between  the  marine  acid  thus  altered  and  Ipirit  of 
nitre.  After  expofing  this  red  matter  for  fomc 
time  to  a moderate  heat,  it  became  white,  and  fub- 
limed  without  any  fenfible  change.  When  it  was 
expofed  to  the  focus  of  a burning  lens,  upon  quick- 
filver, it  yielded  no  fenfible  quantity  of  air.  I had 
imagined  that,  at  leaft  during  the  prefence  of  heat, 

• the  acid,  which  was  latent  in  this  white  fubftance, 
might  have  aflumed  the  form  of  air,  but  I was  dif- 
appointed  in  that  expeftation. 
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The  marine  acid  impregnated  with  manganefe 
having  the  very  fame  jmell  with  this  acid  impreg- 
nated with  red  lead,  I was  led  to  repeat  the  pre- 
ceding experiments  with  this  fubftance  aHb,  and  I 
had  the  fame  general  refults.  For  the  vapour  emit- 
ted by  it  inftantly  united  with  quickfilver,  and  formed 
with  it  a white  powdery  fubftance,  of  which,  with 
a proper  apparatus,  I colledted  a conftderable  quan- 
tity. 

Mr.  Bertholet  has  Ihewn  that  what  is  called  de- 
fhlogifticated  marine  acidy  is  that  acid  faturated  with 
dephlogifticated  air,  which  it  gets  from  the  manga- 
nefe or  minium.  His  difcoveries  relating  to  this 
fubjedl  are  among  the  moft  brilliant  that  this  age,  fo 
fruitful  in  difcoveries,  has  produced. 
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OF  THE  I^HOSI^HORiC  ACIDi 

HAV  I N G made  ^ fo  many  experiments  on  the 
acids,  with  a view  to  reducing  them  to  the 
form  of  air,  and  upon  their  properties  when  exhi* 
bited  in  that  new  form,  it  might  have  been  expefted 
that  I fhouid,  before  this  time,  have  taken  notice 
of  the  phojphoric  acidy  which  is  fo  remarkably  dif- 
ferent from  the  other  acids,  and  which  bears  fo 
near  a relation  to  the  animal  oeconomy.  The  true 
reafon  of  this  feeming  negledt  of  fo  important  a 
fubjedl  of  experiment  was  the  expence  neceflary  to 
procure  it  in  any  tolerable  quantity.  At  length, 
however,  I procured  a quantity  fufficient  for  a few 
experiments,  not  undeferving  of  being  related. 

Chemifts  do  not  need  to  be  informed  of  the 
method  of  procuring  this  liquid  acid  from  folid 
phofphorus ; but  for  the  fake  of  perfons  of  only  a 
general  philofophical  turn,  like  myfelf,  it  may  be 
worth  while  to  obferve,  that  this  acid  is  cafily  pro- 
cured, with  time,  by  expoling  it  to  the  open  air  in 
the  mouth  of  a funnel,  going  into  a phial  which 
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receives  the  acid,  as  the  phofphorus  gradually  waftes 
by  this  kind  of  acceniion.  It  mull  be  fet  in  a place 
neither  very  cold,  nor  very  warm.  But  this  depends 
upon  the  confiftence  of  the  phofphorus,  and  other 
circumftances,  which  muft  be  learned  by  experi^ 
cnce.  If  it  fmokes  very  much,  it  is  a fign  that  it  is 
too  warm,  and  is  in  danger  of  taking  fire,  in  which 
cafe  it  may  be  faved  by  plunging  it  inftantly  in 
water. 

Having  procured  my  phofphorus,  I firfl:  obferv- 
cd,  that  the  water  in  which  it  had  been  long  kept 
had  nothing,  acid  in  it.  For,  being  mixed  with  wa- 
ter made  blue  with  the  juice  of  turnfole,  it  did  not 
afFe6b  its  colour,  which  fhews  that  no  proper  decom- 
pofition  of  it  takes  place  in  water.  Having  then 
expofed  it  to  the  open  air,  in  the  manner  defcribed 
above,  I got  a quantity  of  the  acid  with  which  I 
made  the  following  obfervations. 

..  With  refpe61:  to  airy  this  acid  very  much  refem- 
bles  radical  vinegar,  or  rather  the  vitriolic  acid. 
For  though  the  application  of  heat  converts  it  into 
vapour,  it  is  all  condenfed  again  in  the  temperature 
of  the  atmofphere,  and  no  part  of  it  remains  per- 
manent elaftic  air.  I made  the  experiment  in  a 
glafs  tube  bent  a little  like  a retort,  the  open  end 
of  which  turned  up  into  a veffel  filled  with  quick- 
(ilver,  and  immerfed  in  a bafon  of  the  fame.  When 
I made  the  acid  boil,  the  vapour  pafifed  into  the 
VoL.  III.  ' R recipient, 
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recipient,  but  it  was  wholly  condenfed  there,  and 
the  liquor  fo  collefted  did  not  differ,  as  far  as  I 
could  perceive,  from  what  it  had  been  before  th® 
evaporation. 

. As,  like  the  vitriolic  acid,  this  gave  no  air  of 
itfelf,  I thought  that,  like  this  acid,  it  might  pof- 
fibly  give  fomething  fimilar  to  the  vitriolic  acid 
air  by  means  of  fubftances  containing  phlogifton. 
With  this  view  I kept  it  in  a boiling  heat  both 
with  quickfilver,  and  alfo  with  fpirit  of  wine,  but 
without  any  effedt;  and  even  the  common  air^ 
that  was  expelled  froai  the  phial  in  which  the  ex- 
periment was  made,  was  not  fenfibly  phlogifti- 
cated. 

This  acid,  however,  refembled  that  of  vitriol 
and  radical  vinegar  in  this,  that  it  readily  diffolved 
iron,  efpecially  with  the  aid  of  a little  heat,  and 
with  it  yielded  a ftrong  inflammable  ain  But  there 
is  fomething  more  remarkable  in  the  produce  of 
inflammable  air  from  it  by  means  of  minium. 

In  order  to  try  whether  this  acid  had  any  of  the 
properties  of  the  nitrous,  I mixed  it  with  fomc 
minium  out  of  which  all  the  air  had  been  expelled 
by  heat.  This  fubftance,  in  this  flate,  1 had  found, 
when  mixed  with  nitrous  acid,  yields  dephlogifti- 
cated  air,  but  no  air  at  all  with  the  vitriolic  or  the 
marine  acid.  The  phofphoric  acid  mixed  with  this 
minium  with  little  or  no  fenfible  heat,  but  the  mix- 
ture 
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ture  expofed  to  the  flame  of  a candle  yielded  air 
very  plentifully,  and  it  was  very  turbid.  I received 
it  in  lime  water,  but  it  did  not  precipitate  the  lime, 
except  in  the  fmallefl:  degree.  The  air  I got  in 
this  method  was  not  affe6led  by  nitrous  air,  nor 
did  it  affedt  common  air,  but  was  ftrongly  inflam- 
mable, burning  with  a bright  white  flame ; and  the 
fmell  of  the  air  was  the  fame  with  that  of  the 
ftrong  fmell  of  phofphorus.  The  mafficot  became 
of  a darkilh  grey  colour,  or  nearly  black  by  this 
procefs. 

Having  a quantity  of  the  mixture  of  phofphoric 
acid  and  fpirit  of  wine,  remaining  from  the  experi- 
ment above-mentioned,  and  not  being  willing  to 
lofe  it,  I likewife  mixed  it  with  fome  of  the  fame 
mafficot,  and  I had  the  fame  refult.  The  com- 
mon air  that  was  firfl  expelled  from  the  furface  of 
the  veffel  in  which  the  experiment  was  made  was 
not  much  injured,  the  next  that  came  had  a fmall 
quantity  of  fixed  air  in  it  j but  all  the  remainder  was 
ftrongly  inflammable,  burning  with  a yellow  flame, 
the  next  was  more  weakly  inflammable,  and  the 
laft  produce  was  phlogifticated  air  only. 

The  phlogifton  muft  have  been  fupplied  from 
the  acid,  fmce  the  mafficot  does  not  contain 
it. 
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About  the  time  that  I was  making  thefe  experi- 
ments I was  making  obfervations  on  the  expofurc 
of  a variety  of  fluid  fubftances  to  a long  continued 
lieat.  I therefore  treated  this  acid  in  the  fame 
manner,  firfl  in  a long  glafs  tube,  held  in  an  in- 
clined or  nearly  perpendicular  pofition,  and  then  in 
a horizontal  one,  expelling  the  acid  by  the  heat 
from  one  part  of  the  tube  to  the  other ; the  refult 
of  which  procefs  was  remarkably  different  from 
that  of  the  other. 

In  a giafs  tube  about  thirty  Inches  in  length* 
and  one  third  of  an  inch  in  diameter,  I put  as  much 
of  this  acid  as  filled  about  an  inch  of  the  tube  in 
length,  and  making  it  boil,  there  was  a white  va- 
pour at  the  height  of  about  fifteen  or  eighteen  inches 
above  the  furface  of  the  acid,  continually  dancing 
up  and  down  as  it  boiled.  At  and  below  this 
part  of  the  tube,  it  was  very  hot,  but  immediately 
above  it  was  quite  cold.  I kept  the  acid  boiling 
fcveral  hours  without  any  fenfible  change. 

Though  the  phofphoric  acid  was  not  changed 
by  boiling  feveral  hours  in  the  courfe  of  two  days, 
in  a glafs  tube  hermetically  fealed,  and  placed  in 
nearly  a vertical  pofition,  yet  when  I applied  the 
flame  of  a candle  to  any  part  of  the  tubCj  after  the 
acid  had  left  it  moift  (when  it  had  been  made  ta 
flow  to  the  other  end)  the  glafs  was  inftandy  cover- 
ed 
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cd  with  a white  Incruftation;  and  repeating  this 
procefs,  at  each  end  of  the  tube  alternately,  I quick- 
ly made  the  whole  folid.  At  leaft  there  was  no 
more  moifture  in  the  tube  than  adhered  to  the 
fides  of  it,  and  could  not  be  made  to  flow  at  all. 
This  experiment  I repeated  in  feveral  tubes,  and 
always  with  the  fame  refult,  whatever  was  the  quan- 
tity of  the  acid. 

When  the  tube  was  made  very  hot  there  would 
fometimes  be  flafhes  of  light  in  the  inflde,  extend- 
ing the  whole  length  of  the  tube;  and  of  thefe 
there  were  fometimes  three  in  the  fame  tube  at 
different  times.  Whenever  this  happened,  a part 
of  the  tube  always  acquired  a thin  coating  of  orange 
coloured  matter,  fuch  as  remains  upon  glafs  when 
phofphorus  is  really  ignited  upon  it  in  the  open 
air. 

The  white  matter  tiius  left  in  the  glafs  tubes 
attrafled  no  moifture  from  the  atmofphere,  at  leaft 
no  fenflble  quantity  of  it,  and  it  was  not  at  all  af- 
fedted  by  fpirit  of  fait.  It  did  not  even  long  retain  ^ 
any  fenflble  acidity  5 for  when  it  had  been  waffled 
feveral  times,  the  water  in  which  it  lay  did  not 
even  turn  the  juice  of  turnfole  red, 

If  1 be  afleed  what  becomes  of  the  moifture 
which  rendered  the  phofphoric  acid  liquid  in 
this  procefs,  J fhould  fay  that,  as  in  the  flmilar 
R 2 experiments 
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experiments  with  the  marine  acid,  it  dilTolves  the 
glafs,  and  with  it  the  acid  and  water  both  unite  in 
a folid  form,  as  in  other  cryftallizations ; and  fince 
I made  thele  experiments,  I have  been  informed  by 
Dr.  Ingenhoufz,  a man  of  a truly  philofophical 
and  experimental  turn,  that  the  phofphoric  acid, 
when  hot,  diffolves  glafs,  exadtly  like  the  fluor 
acid. 
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PART  L 

OBSERVATIONS  AND  EXPERIMENTS  RELATING  TO 
VEGETATION. 


SECTION  I. 

Of  the  Ref  oration  of  Air  in  which  a Candle  has 
burned  out^  by  Vegetation. 

IT  is  well  known  that  flame  cannot  fubflfl;  long 
without  change  of  air,  fo  that  the  common  air 
is  neceflfary  to  it,  except  in  the  cafe  of  fubftances, 
into  the  compofition  of  which  nitre  enters  j for 
thefe  will  burn  in  vacuo^  in  fixed  air,  and  even  un- 
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der  water,  as  is  evident  in  fome  rockets,  which  are 
made  for  this  purpofe.  It  is  generally  faid,  that 
an  ordinary  candle  conJumeSy  as  it  is  called,  about 
a gallon  in  a minute.  Confidering  this  amazing 
confumption  of  air,  by  fires  of  all  kinds,  volcanos, 
&c.  it  becomes  a great  objedl  of  philofophical  in- 
quiry, to  afcertain  what  change  is  made  in  the  con- 
flitution  of  the  air  by  flame,  and  to  difcover  what 
provifion  there  is  in  nature  for  remedying  the 
injury  which  the  atmofphere  receives  by  this 
means. 

Having  read,  in  the  Memoirs  of  the  Philofophi- 
cal Society  at  Turin,  vol.  I.  p.  41,  that  air  in  which 
candles  had  burned  out  was  perfedly  redo  red,  fo 
that  other  candles  would  burn  in  it  again  as  well 
as  ever,  after  having  been  expofed  to  a confider- 
able  degree  of  coldy  and  likewife  after  having  been 
compreffed  in  bladders  (for  the  cold  had  been  fup- 
pofed  to  have  produced  this  efFe6b  by  nothing  but 
condenjation ) I repeated  thofe  experiments,  and  did, 
indeed,  find,  that  when  I comprefied  the  air  m Mad- 
der Sy  as  the  Count  de  Saluce,  who  made  the  ob- 
fervation,  had  done,  the  experiment  fucceeded ; - 
but  having  had  fufficient  reafon  to  diflruft  blad- 
ders, I compreffed  the  air  in  a glafs  veffel  Handing 
in  water;  and  then  I found,  that  this  procefs  is 
altogether  ineffedual  for  the  purpofe.  I kept  the 
air  compreffed  much  more,  and  much  longer,  than 
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the  Count  had  done,  but  without  producing  any 
alteration  in  it.  I alfo  find,  that  a greater  degree 
of  cold  than  that  which  he  applied,  and  of  longer 
continuance,  did  by  no  means  reftore  this  kind  of 
air : for  when  I had  expofed  the  phials  which  con- 
tained it  a whole  night,  in  which  the  froft  was  very 
intenfe  ; and  alfo  when  I kept  it  furrounded  with  a 
mixture  of  fnow  and  fait,  I found  it,  in  all  reipedts, 
the  fame  as  before. 

It  is  alfo  advanced,  in  the  fame  Memoir,  p.  41, 
that  heat  only,  as  the  reverfe  of  coldy  renders  air 
unfit  for  candles  burning  in  it.  But  I repeated 
the  experiment  of  the  Count  for  that  purpofe, 
without  finding  any  fuch  effedt  from  it.  I alfo 
remember  that,  many  years  ago,  I filled  an  exhauft- 
ed  receiver  with  air,  which  had  pafTed  through  a 
glafs  tube  made  red  hot,  and  found  that  a candle 
would  burn  in  it  perfectly  well.  Alfo,  rarefadfion 
by  the  air  pump  does  not  injure  air  in  the  leaft 
degree. 

Though  this  experiment  failed,  I have  been  fo 
happy,  as  by  accident  to  have  hit  upon  a method 
of  reftoring  air,  which  has  been  injured  by  the 
burning  of  candles,  and  to  have  difeovered  at  leaft 
one  of  the  reftoratives  which  nature  employs  for 
thia  purpofe.  It  is  vegetation.  This  reftoration  of 
vitiated  air,  I conjedure,  is  effeded  by  plants  im- 
bibing the  phlogifiic  matter  with  which  it  is  over- 
loaded 
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loaded  by  the  burning  of  inflammable  bodies.  But 
whether  there  be  any  foundation  for  this  conje6lure 
or  not,  the  fad  is,  I think,  indifputable.  I fhali 
introduce  the  account  of  my  experiments  on  this 
fubjed,  by  reciting  fome  of  the  obfervations  which 
I made  on  the  growing  of  plants  in  confined  air, 
which  led  to  this  difcovery. 

One  might  have  imagined  that,  fince  common 
air  is  neceffary  to  vegetable,  as  well  as  to  animal 
life,  both  plants  and  animals  had  affeded  it  in  the 
fame  manner ; and  I own  I had  that  expedation, 
when  I firft  put  a fprig  of  mint  into  a glafs  jar, 
{landing  inverted  in  a vefTel  of  water ; but  when  it 
had  continued  growing  there  for  fome  months,  I 
found  that  the  air  would  neither  extinguifh  a can- 
dle, nor  was  it  at  all  inconvenient  to  a moufe,  which 
I put  into  it. 

The  plant  was  not  affeded  any  otherwife  than  was 
the  neceffary  confequence  of  its  confined  fituation ; 
for  plants  growing  in  feveral  other  kinds  of  air, 
were  all  affeded  in  the  very  fame  manner.  Every 
fucceffion  of  leaves  was  more  diminifhed  in  fize  than 
the  preceding,'  till,  at  length,  they  came  to  be  no 
bigger  than  the  heads  of  pretty  fmall  pins.  The 
root  decayed,  and  the  flalk  alfo,  beginning  from  the 
root ; and  yet  the  plant  continued  to  grow  up- 
wards, drawing  its  nourifhment  through  a black  and 
rotten  flem.  In  the  third  or  fourth  fet  of  leaves, 
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long  and  white  hairy  filaments  grew  from  the  infer- 
tion  of  each  leaf,  and  fometimes  from  the  body  of 
the  Item,  fhooting  out  as  far  as  the  veflel  in  which 
it  grew  would  permit,  which,  in  my  experiments, 
was  about  two  inches.  In  this  manner  a fprig  of 
mint  lived,  the  old  plant  decaying,  and  new  ones 
Ihooting  up  in  its  place,  butlefs  and  lefs  continually, 
all  the  fummer  feafon. 

In  repeating  this  experiment,  care  mufl  be  taken 
to  draw  away  all  the  dead  leaves  from  about  the 
plant,  left  they  ftiould  putrefy,  and  affedt  the  air. 
I have  found  that  a frefh  cabbage  leaf,  put  under  a 
glafs.veftel  filled  with  common  air,  for  the  fpace  of 
one  night  only,  has  fo  affedted  the  air,  that  a can- 
dle would  not  burn  in  it  the  next  morning,  and  yet 
the  leaf  had  not  acquired  any  fmell  of  putre- 
faction. 

Finding  that  candles  would  burn  very  well  in  air 
in  which  plants  had  grown  a long  time,  and  having 
had  fomie  reafon  to  think,  that  there  was  fomething 
attending  vegetation,  which  reftored  air  that  had 
been  injured  by  refpiration,  I thought  it  was  pofiiblc 
that  the  fame  proccfs  might  alfo  reftore  the  air  that 
had  been  injured  by  the  burning  of  candles. 

Accordingly,  on  the  i7thofAuguft  1771,  I put 
a fprig  of  mint  into  a quantity  of  air,  in  which  a 
wax  candle  had  burned  out,  and  found  that,  on  the 
27  th  of  the  fame  month,  another  candle  burned  per- 
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fedly  well  in  it.  This  experiment  I repeated,  with- 
out the  lead  variation  in  the  event,  not  lefs  than 
eight  or  ten  times  in  the  remainder  of  the  fummer. 

Several  times  I divided  the  quantity  of  air  in 
which  the  candle  had  burned  out,  into  two  parts, 
and  putting  the.plant  into  one  of  them,  left  the  other 
in  the  fame  expofure,  contained,  alfo,  in  a glafs 
vefTel  immerfed  in  water,  but  without  any  plant ; 
and  never  failed  to  find,  that  a candle  would  burn 
in  the  former,  but  not  in  the  latter. 

I generally  found  that  five  or  fix  days  were  fuffi- 
cient  to  reftore  this  air,  when  the  plant  was  in  its 
vigour  ; whereas  1 have  kept  this  kind  of  air  in  glals 
veiTels,  immerfed  in  water  many  months,  without 
being  able  to  perceive  that  the  lead  alteration  had 
been  made  in  it.  I have  alfo  tried  a great  variety 
of  experiments  upon  it,  as  by  condenfing,  rarefying, 
expofing  to  the  light  and  heat,  See,  and  throwing 
into  it  the  effluvia  of  many  different  fubdances,  but 
without  any  effed. 

Experiments  made  in  the  year  1772,  abundantly 
confirmed  my  conclufion  concerning  the  redoration 
of  air,  in  which  candles  had  burned  out  by  plants 
growing  in  it.  The  fird  of  thefe  experiments  was 
made  in  the  month  of  May ; and  they  were  frequent- 
ly repeated  in  that  and  the  two  following  months, 
without  a fingle  failure. 
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For  this  purpofe  I ufed  the  flames  of  different 
fubftances,  though  I generally  ufed  wax  or  talloW 
candles.  On  the  a4th  of  June  the  experiment  fuc- 
ceeded  perfcdtiy  well  with  air  in  which  Ipirit  of  wine 
had  burned  out,  and  on  the  27  th  of  the  fame  month 
it  fucceeded  equally  well  with  air  in  which  brim- 
ftone  matches  had  burned  out,  an  efiefl:  of  which  I 
had  defpaired  the  preceding  year. 

This  reftoration  of  air,  1 found,  depended  upon 
the  vegetating  ftate  of  the  plant ; for  though  I kept 
a sreat  number  of  the  frefli  leaves  of  mint  in  a fmall 
quantity  of  air  in  which  candles  had  burned  out,  and 
changed  them  frequently,  for  a long  fpace  of  time, 

I could  perceive  no  melioration  in  the  ftate  of  the 
air. 

This  remarkable  effedl  does  not  depend  upon  any 
thing  peculiar  to  mint^  which  was  the  plant  that  I 
always  made  ufe  of  till  July  1772  ; for  on  the  i6th 
of  that  month,  I found  a quantity  of  this  kfnd  of 
air  to  be  perfedlly  reftored  by  Iprigs  of  halm^ 
which  had  grown  in  it  from  the  7 th  of  the  fame 
month. 

That  this  reftoration  of  air  was  not  owing  to  any 
aromatic  e^uvia  of  thefe  two  plants,  not  only  appear- 
ed by  the  ejjfential  oil  of  mint  having  no  fenfible  effed 
of  this  kind  5 but  from  the  equally  complete  refto- 
ration of  this  vitiated  air  by  the  plant  called  ground- 
Jdy  which  is  ufually  ranked  among  the  weeds,  and 
' 5 has 
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has  an  ofFenfive  fmell.  This  was  the  refult  of  an 
experiment  made  the  i6th  of  July,  when  the  plant 
had  been  growing  in  the  burned  air  from  the  8th  of 
the  fame  month.  Befides,  the  plant  which  I have 
found  to  be  the  moft  effe6lual  of  any  that  I have- 
tried  for  this  purpofe  is  Jpinach^  which  is  of  quick 
growth,  but  will  feldom  thrive  long  in  water.  One 
jar  of  burned  air  was  pcrfe6lly  reftored  by  this  plant 
in  four  days,  and  another  in  two  days.  This  laft 
was  obferved  on  the  2 id  of  July. 

In  general,  this  elfed  may  be  prefumed  to  have 
taken  place  in  much  lefs  time  than  I have  mention- 
ed ; becaufe  I never  chofe  to  make  a trial  of  the 
air,  till  I was  pretty  fure,  from  preceding  obferva- 
tions,  that  the  event  which  I had  expedled  muft  have 
taken  place,  if  it  would  fucceed  at  all ; left,  re- 
turning back  that  part  of  the  air  on  which  I made 
'the  trial,  and  which  would  thereby  neceflarily  re- 
ceive a fmall  mixture  of  common  air,  the  experi- 
ment might  not  be  judged  to  be  quite  fair ; though 
1 myfelf  might  be  fufficiently  fatisfied  with  relped 
to  the  allowance  that  was  to  be  made  for  that  fmall 
imperfedion. 
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0/  the  Reftoration  of  Air  infected  with  animal  Refpir a- 
tioHy  or  Rutrefa5lion^  hy  Vegetation. 

That  candies  will  burn  only  a certain  time, 
in  a given  quantity  of  air  is  a fa6l  not  better 
known,  than  it  is  that  animals  can  live  only  a cer- 
tain time  in  it  \ but  the  caufe  of  the  death  of  the 
animal  is  not  better  known  than  that  of  the  extinc- 
tion of  flame  in  the  fame  circumftances ; and  when 
once  any  quantity  of  air  has  been  rendered  noxious 
by  animals  breathing  in  it  as  long  as  they  could,  I 
do  not  know  that  any  methods  have  been  difcovered 
of  rendering  it  fit  for  breathing  again.  It  is  evi- 
dent, however,  that  there  mufl:  be  fome  provifion 
in  nature  for  this  purpofe,  as  well  as  for  that  of  ren- 
dering the  air  fit  for  fuflaining  flame  ; for  with-- 
out  it  the  whole  mafs  of  the  atmofphere  would,  in  ^ 
time,  become  unfit  for  the  purpofe  of  animal  life  j 
and  yet  there  is  no  reafon  to  think  that  it  is,  at  pre- 
fent,  at  all  lefs  fit  for  refpiration  than  it  has  ever 
been.  I flatter  myfelf,  however,  that  I have  hit 
upon  one  of  the  methods  employed  by  nature  for 

this 
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this  great  purpofe.  How  many  others  there  may  be, 
I cannot  tell. 

When  animals  die  upon  being  put  into  air  in 
which  other  animals  have  died,  after  breathing  in  it 
as  long  as  they  could,  it  is  plain  that  the  caufe  of 
their  death  is  not  the  want  of  any  pahukm  vit^y 
which  has  been  fuppofed  to  be  contained  in  the  air, 
but  on  account  of  the  air  being  impregnated  with 
fomething  ftimulatlng  to  their  lungs ; for  they  almoft 
always  die  in  convulfions,  and  are  fometimes  af- 
fe6led  fo  fuddenly,  that  they  are  irrecoverable  after 
a Tingle  infpiration,  though  they  may  be  withdrawn 
immediately,  and  every  method  has  been  taken  to 
bring  them  to  life  again.  They  are  afFedfedin  the 
lame  manner,  when  they  are  killed  in  any  other 
kind  of  noxious  air  that  I have  tried,  viz.  fixed  air, 
inflammable  air,  air  filled  with  the  fumes  of  ful- 
phur,  infedled  with  putrid  matter,  in  which  a mix- 
ture  of  iron  filings  and  fulphur  has  flood,  or  in 
which  charcoal  has  been  burned,  or  metals  calcined, 
or  in  nitrous  air,  &c. 

As  it  is  known  that  convulficns  weaken,  and  exhaufl 
the  vital  powers,  much  more  than  the  mofl  vigor- 
ous voluntary  adlion  of  the  mufcles,  perhaps  thefe 
' univerfal  convulfions  may  exhaufl  the  whole  of  what 
we  may  call  the  vis  vita  at  once ; at  lead  that  the 
lungs  may  be  rendered  abfolutely  incapable  of  adlion, 
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till  the  animal  be  fufFocated,  or  be  irrecoverable  for 
want  of  relpiration. 

If  a moufe  (which  is  an  animal  jthat  I have  com- 
monly made  ufe  of  for  the  purpofe  of  thefe  experi- 
ments) can  Hand  the  firft  fhock  of  this  flimulus,  or 
has  been  habituated  to  it  by  degrees,  it  will  live  a 
confiderable  time  in  air  in  which  other  mice  will  die 
inftantaneoufly.  I have  frequently  found  that  when 
a number  of  mice  have  been  confined  in  a given 
quantity  of  air,  lefs  than  half  the  time  that  they  have 
aftually  lived  in  it,  a frefh  moufe  being  introduced 
to  them  has  been  inftantly  thrown  into  convulfions, 
and  died.  ^ It  is  evident  therefore,  that  if  the  experi- 
ment of  the  Black  Hole,  at  Calcutta,  were  to  be 
repeated,  a man  would  Hand  the  better  chance  of 
furviving  it,  who  Ihould  enter  at  the  firft,  than  at 
the  laft  hour. 

I have  alfo  obferved,  that  young  mice  will  al- 
ways live  much  longer  than  old  ones,  or  than  thole 
which  are  full  grown,  when  they  are  confined  in 
the  fame  quantity  of  air.  I have  fometimes  known 
a young  moufe  to  live  fix  hours  in  the  fame  circum- 
ftances  in  which  an  old  moufe  has  not  lived  one. 
On  thefe  accounts,  experiments  with  mice,  and, 
for  the  fame  reafon,  no  doubt,  with  other  animals 
alfo,  have  a confiderable  degree  of  uncertainty  at- 
tending them  5 and  therefore,  it  is  neceflary  to  re- 
peat them  frequently,  before  the  refult  can  be 
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abfolutely  depended  upon.  But  every  perfon  of 
feeling  will  rejoice  with  me  in  the  difcovery  of  nU 
trous  alr^  which  fuperfedes  many  experiments  with 
the  refpiration  of  animals ; being  a much  more  ac- 
curate tell  of  the  purity  of  air. 

The  difcovery  of  the  provifion  in  nature  for  re- 
lloring  air,  which  has  been  injured  by  the  relpira- 
tion  of  animals,  having  long  appeared  to  me  to  be 
one  of  the  moll  Important  problems  in  natural  phi- 
lofophy,  I have  tried  a great  variety  of  fchemes  in 
order  to  afted  it.  In  thefe,  my  guide  has  generally 
been  to  confider  the  influences  to  which  the  atmof- 
phere  is,  in  fadt,  expofed  ; and,  as  fome  of  my  un- 
fuccefsful  trials  may  be  of  ufe  to  thofe  who  are 
difpofed  to  take  pains  in  the  farther  invefliigation 
of  this  fubjed,  I fhall  mention  the  principal  of 
them. 

The  noxious  effluvium  with  which  air  is  loaded 
by  animal  refpiration,  is  not  abforbed  by  Handing, 
without  agitation,  in  frefti  or  fait  water.  I have 
kept  it  many  months  in  frefli  water,  when,  inftead 
of  being  meliorated,  it  has  feemed  to  become  even 
more  deadly,  fo  as  to  require  more  time  to  reftore 
it,  by  the  iTiethods  which  will  be  explained  here- 
after, than  air  which  has  been  lately  made  noxious, 
I have  even  fpent  feveral  hours  in  pouring  this  air 
from  one  glafs  veflfel  into  another,  in  water,  fome- 
times  as  cold,  and  ibmetimes  as  warm,  as  my 
x hands 
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hands  could  bear  It,  and  have  fometimes  alfo  wiped  the 
veflels  many  times,  during  the  courfe  of  the  expe- 
riment, in  order  to  take  off  that  part  of  the  noxious 
matter,  which  might  adhere  to  the  glafs  veflels, 
and  which  evidently  gave  them  an  offenfive  fmeli ; 
but  all  thefe  methods  were  generally  without'  any 
fenfible  efle6l.  The  motioriy  alfo,  which  the  air  re- 
ceived in  thefe  circumflances,  it  is  very  evident,  was 
of  no  ufe  for  this  purpofe.  I had  not  then  thought 
of  the  Ample,  but  rnofl  efledual  method  of  agitat- 
ing air  in  water,  by  putting  it  into  a tall  jar  and 
(baking  it  with  my  hand. 

This  kind  of  air  is  not  reftored  by  being  expofed 
to  the  lighty  or  any  other  influence  to  which  it  is 
expofed,  when  confined  in  a thin  phial,  in  the  open 
air,  for  fome  months. 

Among  other  experiments,  I tried  a great  variety 
of  different  effiuviay  which  are  continually  exhaling 
into  the  air,  efpecially  of  thofe  fubftances  which  are 
known  to  refifl:  putrefadion  ; but  I could  not  by 
thefe  means  effed  any  melioration  of  the  noxious 
quality  of  this  kind  of  air. 

Having  read,  in  the  Memoirs  of  the  Imperial 
Society,  of  a plague  not  affedling  a particular  village, 
in  which  there  was  a large  fulphur-work,  I imme- 
diately fumigated  a quantity  of  this  kind  of  air ; or 
(which  will  hereafter  appear  to  be  the  very  fame 
S 2 thing) 
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thing)  air  tainted  with  putrefadtion,  with  the  fumes 
of  burning  fulphur,  but  without  any  effedt. 

I once  imagined,  that  the  nitrous  acid  in  the  air 
might  be  the  general  reftorative  which  I was  in  quefi: 
of;  and  the  conjedture  was  favoured,  by  finding 
. that  candles  would  burn  in  air  extradted  from  falt- 
petre^.  I therefore  fpent  a good  deal  of  time  in 
attempting,  by  a burning  glafs,  and  other  means, 
to  impregnate  this  noxious  air  with  fome  effluvium 
of  faltpetre,  and,  with  the  fame  view  introduced 
into  it  the  fumes  of  the  fmoaking  fpirit  of  nitre  ; 
but  both  tliefe  methods  .were  altogether  ineffec- 
tual. 

In  order  to  try  the  effedl  of  heat^  I put  a quantity 
of  air,  in  which  mice  had  died,  into  a bladder,  tied  to 
the  end  of  the  ftem  of  a tobacco  pipe,  at  the  other  end 
of  which  was  another  bladder,  out  of  which  the  air 
was  carefully  prefled.  I then  put  the  middle  part 
of  the  ftem,  into  a chafing-difti  of  hot  coals,  ftrong- 
iy  urged  with  a pair  of  bellows ; and,  preffing  the 
bladders  alternately,  1 made  the  air  pafs  feveral 
times  through  the  heated  part  of  the  pipe.  I have 
alfo  made  this  kind  of  air  very  hot,  ftanding  in  wa- 
ter before  the  fire.  But  neither  of  thefe  methods 
were  of  any  ufe. 

^ This  was  the  firft  inftance  of  my  finding  dephlogifticated  air, 
but  without  knowing  it  to  be  at  all  different  from  common  air. 

5 Rare- 
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Rarefra5lion  and  condenfation  by  inftruments  were 
alfo  tried,  but  in  vain. 

Thinking  it  poflible  that  the  earth  might  imbibe 
the  noxious  quality  of  the  air,  and  thence  fupply  the 
roots  of  plants  with  fuch  putrefcent  matter  as  is 
known  to  be  nutritive  to  them,  I kept  a quantity  of 
air  in  which  mice  had  died,  in  a phial,  one  half  of 
which  was  filled  with  fine  garden-mould  j but, 
though  it  flood  two  months  in  thefe  circumftances, 
it  was  not  the  better  for  it. 

I once  imagined  that,  fince  feveral  kinds  of  air 
cannot  be  long  feparated  from  common  air,  by  be- 
ing confined  in  bladders,  in  bottles  well  corked,  or 
even  clofed  with  ground  Hoppers,  the  affinity  be- 
tween this  noxious  air  and  the  common  air  might 
be  fo  great,  that  they  would  mix  through  a body  of 
water  interpofed  between  them  ; the  water  conti- 
nually receiving  from  the  one,  and  giving  to  the 
other,  efpecially  as  water  receives  fome  kind  of  im- 
pregnation from,  I believe,  every  kind  of  air  to 
which  it  is  contiguous ; but  I have  feen  no  reafon 
to  conclude,  that  a mixture  of  any  kind  of  air  with 
the  common  air  can  be  produced  in  this  manner. 

I have  kept  air  in  which  mice  have  died,  air  in 
which  candles  have  burned  out,  and  inflammable 
air,  feparated  from  the  common  air,  by  the  flighted: 
partition  of  water  that  I could  well  make,  fo  that  it 
might  not  evaporate  in  a day  or  two,  if  I fhould 
S 3 happen 
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happen  not  to  attend  to  them ; but  I found  no  change 
in  them  after  a month  or  fix  weeks.  The  inflam- 
mable air  was  flill  inflammable,  mice  died  inftantly 
in  the  air  in  which  other  mice  had  died  before,  and 
candles  would  not  burn  where  they  had  burned 
out  before. 

Since  air  tainted  with  animal  or  vegetable  putre- 
faflion  is  the  fame  thing  with  air  rendered  noxious 
by  animal  refpiration,  I fhall  now  recite  the  obfer- 
vations  which  I have  made  upon  this  kind  of  air, 
before  I treat  of  the  method  of  reftoring  them. 

That  thefetwo  kinds  of  air  are,  in  fad,  the  fame 
thing,  I conclude  from  their  having  leveral  remark- 
able common  properties,  and  from  their  differing 
in  nothing  that  I have  been  able  to  obferve.  They 
equally  extinguifh  flame,  they  are  equally  noxious 
to  animals,  they  are  equally,  and  in  the  fame  way, 
offenfive  to  the  fmell,  they  equally  precipitate  lime 
in  lime  water,  and  they  are  reflored  by  the  fame 
means. 

Since  air  which  has  paffed  through  the  lungs  is 
the  fame  thing  with  air  tainted  with  animal  putre- 
fadion,  it  is  probable  that  one  ufe  of  the  lungs  is  to 
carry  off  a putrid  effluvium,  without  which,  per- 
^ ' haps,  a living  body  might  putrefy  as  foon  as  a dead 
one. 

Infeds  of  various  kinds  live  perfedly  well  in  air 
tainted  with  animal  or  vegetable  putrefadion,  when 
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a fingle  infpiratlon  of  it  would  have  inftantly  killed 
any  other  animal.  I have  frequently  tried  the  ex- 
periment with  flies  and  butterflies.  The  aphides 
alfo  will  thrive  as  well  upon  plants  growing  in  this, 
kind  of  air,  as  in  the  open  air.  I have  even  been 
fi*equently  obliged  to  take  plants  out  of  the  putrid 
air  in  which  they  were  growing,  on  purpofe  to  brufli 
away  the  fwarms  of  thefe  infedls  which  infefted 
them;  and  yet  fo  effedually  did  fome  of  them 
conceal  themfeives,  and  fo  fail  did  they  multiply, 
in.  thefe  circumftances,.  that  I could  feldom  keep 
the  plants  quite  clear  of  them. 

When  air  has  been  frelhly  and  flrongly  tainted 
with  putrefadion,  fo  as  to  fmell  through  the  water, 
(prigs  of  mint  have  prefently  died,  upon  being 
put  into  it,  their  leaves  turning  black ; but  if  they 
do  not  die  prefently,:  they  thrive  in  a rnoft  furprifmg 
manner.  In  no  other  circumftances  have  I ever 
feen  vegetation  fo  vigorous  as  in  this  kind  of  air, 
which  is  immediately  fatal  to  animal  life.  Though 
thefe  plants  have  been  crouded  in  jars  filled  with 
this  air,  every  leaf  has  been  full  of  life ; frefh  fhoots 
have  branched  out  in  various  diredbons,  and  have 
grown  much  fafter  than  other  fimilar  plants,  grow- 
ing in  the  fame  expofure  in  common  air. 

This  obfervation  led  me  to  conclude,  that  plants, 
mftead  of  afledting  the  air  in  the  fame  manner  with 
animal  refpiration,  reverfe  the  efledts  of  breathing, 
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and  tend  to  keep  the  atmofphere  fweet  and  whole- 
fome,  when  it  is  become  noxious,  in  confequence 
of  animals  either  living  and  breathing,  or  dying 
and  putrefying  in  it. 

In  order  to  afcertain  this,  I took  a quantity  of 
air,  made  thoroughly  noxious,  by  mice  breathing 
and  dying  in  it,  and  divided  it  into  two  parts ; one 
of  v^hich  I put  into  a phial  immerfed  in  water ; 
and  to  the  other  (which  was  contained  in  a glafs 
jar,  {landing  in  water)  I put  a fprig  of  mint.  This 
was  about  the  beginning  of  Auguil,  1771,  and  af- 
ter eight  or  nine  days,  I found  that  a moufe  lived 
perfectly  well  m that  part  of  the  air,  in  which  the 
fprig,  of  mint  had  grown,  but  died  the  moment  it 
was  put;  into  the  other  part  of  the  fame  original 
quantity  of  air ; and  which  I had  kept  in  the  very 
fame  expofure,  but  without  any  plant  growing 
in  it. 

This  experiment  I have  feveral  times  repeated; 
fometimes  ufing  air  in  which  animals  had  breathed 
and  died ; and  at  other  times  ufing  air  tainted  with 
vegetable  or  animal  putrefadlion  ; and  generally 
with  the  fame  fuccefs. 

Once,  I let  a moufe  live  and  die  in  a quantity 
of  air  which  had  been  noxious,  but  which  had  been 
reftored  by  this  procefs,  and  it  lived  nearly  as  long 
^s  I conjedlured  it  might  have  done  in  an  equal 
quantity  of  frefh  air;  but  this  is  fo  exceedingly 

various. 


SeEt,  IL  ' VEGETATION.  265 

various,  that  it  is  not  eafy  to  form  any  judgment 
from  it ; and  in  this  cafe  the  fymptom  of  difficult 
rejpiration  feemed  to  begin  earlier  than  it  would 
have  done  in  common  air. 

Since  the  plants  that  I made  ufe  of  manifeftly 
grow  and  thrive  in  putrid  air  s fince  putrid  matter 
is  well  known  to  afford  proper  nourifhment  for 
the  roots  of  plants  s and  fince  it  is  likewife  certain 
that  they  receive  nourifliment  by  their  leaves  as 
well  as  by  their  roots,  it  feems  to  be  exceedingly 
probable,  that  the  putrid  effluvium  is  in  fome  mea- 
fure  extraded  from  the  air,  by  means  of  the  leaves 
of  plants,  and  therefore  that  they  render  the  remain- 
der more  fit  for  refpiration. 

Towards  the  end  of  the  year  fome  experiments 
of  this  kind  did  not  anfwer  fo  well  as  they  had 
done  before,  and  I had  inftances  of  the  relapfing 
of  this  reflored  air  to  its  former  noxious  ftate.  I 
therefore  fufpended  my  judgment  concerning  the 
efficacy  of  plants  to  reftore  this  kind  of  noxious 
air,  till  I fflould  have  an  opportunity  of  repeating 
my  experiments,  and  giving  more  attention  to  them. 
Accordingly  I refumed  the  experiments  in  the 
fummer  of  the  year  1772,  when  I prefently  had 
the  mofh  indifputable  proof  of  the  refloration  of 
putrid  air  by  vegetation ; and  as  the  fa6t  is  of  fome 
importance,  and  the  fubfequent  variation  in  the 
llate  of  this  kind  of  air  is  a little  remarkable,  I 
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think  it  neceflary  to  relate  fome  of  the  fadls  pretty 
circumflantially. 

The  air,  on  which  I made  the  firft  experiments, 
was  rendered  exceedingly  noxious  by  mice  dying 
in  it  on  the  20th  of  June.  Into  a jar  nearly  filled 
with  one  part  of  this  air,  I put  a fprig  of  mint, 
while  1 kept  another  part  of  it  in  a phial,  in  the 
lame  expofure ; and  on  the  27th  of  the  fame: 
month,  and  not  before,  I made  a trial  of  them,, 
by  introducing  a moufe  into  a glafs  velTel,  contain- 
ing two  ounce  meafures  and  a half,  filled  with,  each 
kind  of  air ; and  I noted  the  following  fedbs. 

When  the  vefiel  was  filled  with  the  air  in  which 
the  mint  had  grown,  a very  large  moufe  lived  five 
minutes  in  it,  before  it  began  to  fiiew  any  fign  of 
uneafinefs.  I then  took  it  out,  and  found  it  to  he 
as  ftrong  and  vigorous  as  when  it  was  firft  put  in ; 
whereas  in  that  air  which  had  been  kept  in  the 
phial  only,  without  a plant  growing  in  it,  a younger 
moufe  continued  not  longer  than  two  or  three  fe- 
conds,  and  was  taken  out  quite  dead.  It  never 
breathed  after,  and  was  immediately  motionlefs. 
After  half  an  hour,  in  which  time  the  larger  moufe 
(which  I had  kept  alive,  that  the  experiment  might 
be  made  on  both  the  kinds  of  air  with  the  very 
fame  animal)  would  have  been  fufficiently  recruited, 
fuppofing  it  to  have  received  any  injury  by  the 
former  experiment,  was  put  into  the  lame  vefiel  of 
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air ; but  though  it  was  withdrawn  again,  after  be- 
ing in  it  hardly  one  fecond,  it  was  recovered  with 
difficulty,  not  being  able  to  ftir  from  the  place  for 
near  a minute.  After  two  days,  I put  the  fame 
moufe  into  an  equal  quantity  of  common  air,  and 
obferved  that  it  continued  feven  minutes  without 
any  fign  of  uneafinefs ; and  being  very  uneafy  af- 
ter three  minutes  longer,  I took  it  out.  Upon  the  ' 
whole,  I concluded  that  the  reftored  air  wanted 
about  one  fourth  of  being  as  wholefome  as  com- 
mon air.  The  fame  thing  alfo  appeared  when  I 
applied  the  teft  of  nitrous  air. 

In  the  feven  days,  in  which  the  mint  was  grow- 
ing in  this  jar  of  noxious  air,  three  old  ffioots  had 
extended  themfelves  about  three  inches,  and  feveral 
new  ones  had  made  their  appearance  in  the  fame 
time.  Dr.  Franklin  and  Sir  John  Pringle  hap- 
pened to  be  with  me,  when  the  plant  had  been 
three  or  four  days  in  this  ftate,  and  took  notice  of 
its  vigorous  vegetation,  and  remarkably  healthy  ap- 
pearance in  that  confinement. 

On  the  30th  of  the  fame  month,  a moufe  lived 
fourteen  minutes,  breathing  naturally  all  the  time, 
and  without  appearing  xo  be  much  uneafy,  till  the 
laft  two  minutes,  in  the  veffel  containing  two  ounce 
meafures  and  a half  of  air  which  had  been  rendered 
noxious  by  mice  breathing  in  it  almoft  a year  be- 
fore, and  which  I found  to  be  moft  highly  noxious 
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on*  the  1 9th  of  this  month,  a plant  having  grown 
in  it,  but  not  exceedingly  well,  thefe  eleven  days : 
on  which  account  I had  deferred  making  the  trial 
fo  long.  The  reftored  air  was'  afFeded  by  a mix- 
ture of  nitrous  air,  almofl:  as  much  as  common 
air. 

That  plants  are  capable  of  perfectly  reftoring  air 
injured  by  refpiration,  may,  I think,  be  inferred 
with  certainty  from  the  perfed  reftoration,  by  this 
means,  of  air  which  had  pafTed  through  my  lungs, 
fo  that  a candle  would  burn  in  it  again,  though  it 
had  extinguifhed  flame  before,  and  a part  of  the 
lame  original  quantity  of  air  Hill  continued  to  do 
lb.  Of  this  one  inftance  occurred  in  the  year  1771, 
a fprig  of  mint  having  grown  in  a jar  of  this  kind 
of  air,  from  the  25th  of  July  to  the  17th  of  Augufl 
following ; and  another  trial  I made,  with  the  fanrie 
fuccefs,  the  7th  of  July,  1772,  the  plant  having 
grown  in  it  from  the  29th  of  June  preceding.  In 
this  cafe  alfo  I found  that  the  effe<fl;  was  not  owing 
to  any  virtue  in  the  leaves  of  mint  for  I kept 
them  conftantly  changed  in  a quantity  of  this  kind 
of  air,  for  a confiderable  time,  without  making  any 
fenfible  alteration  in  it. 

Thefe  proofs  of  a partial  reftoration  of  air  by 
^ plants  in  a ftate  of  vegetation,  though  in  a confined 
and  unnatural  fituation,  cannot  but  render  it  highly 
probable,  that  the  injury  which  is  continually  done 

to 
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to  the  atmofphere  by  the  refpiration  of  fuch  a 
number  of  animals,  and  the  putrefa6tlon  of  fuch 
mafles  of  both  vegetable  and  animal  matter,  is,  in 
part  at  leaft,  repaired  by  the  vegetable  creation. 
And,  notwithftanding  the  prodigious  mafs  of  air 
that  is  corrupted  daily  by  the  above-mentioned 
caufes ; yet,  if  we  confider  the  immenfe  profufion 
of  vegetables  upon  the  face  of  the  earth,  growing 
in  places  fuited  to  their  nature,  and  confequently  at 
full  liberty  to  exert  all  their  powers,  both  inhaling 
and  exhaling,  it  can  hardly  be  thought,  but  that  it 
may  be  a fufficient  counterbalance  to  it,  and  that 
the  remedy  is  adequate  to  the  evil. 

Dr.  Franklin,  who,  as  I have  already  obferved, 
faw  fome  of  my  plants  in  a very  flourifhing  ftate, 
in  highly  noxious  air,  was  pleafed  to  exprefs  very 
great  fatisfa61:ion  with  the  refult  of  the  experiments. 
In  his  anfwer  to  the  letter  in  which  I informed  him 
of  it,  he  fays. 

That  the  vegetable  creation  Ihould  reftore  the 
air  which  is  Ipoiled  by  the  animal  part  of  it, 
looks  like  a rational  fyftem,  and  feems  to  be  of 
" a piece  with  the  reft.  Thus  fire  purifies  water 
all  the  world  over.  It  purifies  it  by  dift illation, 
when  it  raifes  it  in  vapours,  and  lets  it  fall  in 
rain ; and  farther  ftill  by  filtration,  when,  keep- 
ing  it  fluid,  it  fuffers  that  rain  to  percolate  the 
earth.  We  knew  before  that  putrid  animal  fub- 
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fiances  were  converted  into  fweet  vegetables, 
when  mixed  with  the  earth,  and  applied  as  ma- 
nure;  and  now,  it  feems,  that  the  fame  putrid 
fubftances,  mixed  with  the  air,  have  a fimilar 
effedl.  The  ftrong  thriving  ftate  of  your  mint? 
in  putrid  air  feems  to  fhew  that  the  air  is  mended 
by  taking  fomething  from  it,  and  not  by  adding 
to  it.”  He  adds,  I hope  this  will  give  fome 
check  to  the  rage  of  deftroying  trees  that  grow 
“ near  houfes,  which  has  accompanied  our  late 
improvements  in  gardening,  from  an  opinion  of 
their  being  unwholefome.  I am  certain,  from 
long  obfervation,  that  there  is  nothing  unhealthy 
in  the  air  of  woodsy  for  we  Americans  have 
every  where  our  country  habitations  in  the  midH 
of  woods,  and  no  people  on  earth  enjoy  better 
health,  or  are  more  prolific.” 

May  not  plants  alfo  reftore  air  diminifhed  by  pu- 
trefadion,  by  abforbing  part  of  the  phlogifton  with 
which  it  is  loaded?  The  greater  part  of  a dry 
plant,  as  well  as  of  a dry  animal  fubftance,  con- 
fills  of  inflammable  air,  or  fomething  that  is  capable 
of  being  converted  into  inflammable  air;  and  it 
feems  to  be  as  probable  that  this  phlogiftic  matter 
may  have  been  imbibed  by  the  roots  and  leaves  of 
plants,  and  afterwards  incorporated  into  their  fub- 
ftance, as  that  it  is  altogether  produced  by  the 
power  of  vegetation.  May  not  this  phlogiftic 

matter 


Se5f.  IL 


VEGETATION. 


271 


matter  be  even  the  moft  effential  part  of  the  food 
and  fupport  of  both  vegetable  and  animal  bo- 
dies ? 

Having  difcovered  that  vegetation  reftores,  to  a 
confiderable  degree  of  purity,  air  that  had  been 
injured  by  relpiration  or  putrefadlion,  I conjedbured 
that  the  phlogiftic  matter,  abforbed  by  the  water, 
might  be  imbibed  by  plants,  as  well  as  form  other 
combinations  with  fubftances  under  the  water.  A 
curious  fad,  which  has  lince  been  communicated  to 
me,  very  much  favours  this  fuppofition. 

Mr.  Garrick  was  fo  obliging  as  to  give  me  the 
firft  intimation  of  it,  and  Mr.  Walker,  the  ingeni- 
ous author  of  a late  Engiifh  Didionary,  from 
whom  he  received  the  account,  was  pleafed  to  take 
fome  pains  in  making  farther  inquiries  into  it  fof 
my  ufe.  He  informed  me  that  Mr.  Bremner,  who 
keeps  a mufic-fhop  oppofite  to  Somerfet-houle, 
was  at  Harwich,  waiting  for  the  packet  3 and  ob- 
ferved  that  a refervoir  at  the  principal  inn  was  very 
foul  on  the  fides.  This  made  him  alk  the  inn- 
keeper why  he  did  not  clean  it  out  s who  imme- 
diately anfwered,  that  he  had  done  fo  once,  but 
would  not  any  more  j for  that , after  cleanfing  the 
refervoir,  the  water  which  was  caught  in  it  grew 
fetid,  and  unfit  for  ufe  ; and  that  it  did  not  recover 
its  fweetnefs  till  the  fides  and  bottom  of  the  re- 
fervoir grew  very  foul  again.  Mr.  Walker  quef- 
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tioned  Mr.  Bremner^  whether  there  were  any 
vegetables  growing  at  the  fides  and  bottom  of  it  ; 
but  of  this  he  could  not  be  pofitive.  However,  as 
he  faid  it  w^as  covered  with  a green  Juhftancey  which 
is  known  to  be  vegetable  matter  (and  indeed  nothing 
elfe  could  well  adhere  to  the  fides ^ as  well  as  to  the 
bottom  of  the  refervoir)  I think  it  will  be  deemed 
probable,  that  it  was  this  vegetating  matter  that 
preferved  the  water  fweet,  imbibing  the  phlogiftic 
matter  that.vv^as  difeharged  in  its  tendency  to  putre- 
fadtion. 

' I lhall  be  happy,  if  the  mention  of  this  fa6b 
fhould  excite  an  attention  to  things  of  this  nature. 
Trifling  as  they  feem  to  be,  they  have,  in  a philo- 
fophical  view,  the  greatefl:  dignity  and  importance ; 
ferving  to  explain  fome  of  the  mofl:  ftr iking  phe- 
nomena in  nature,  refpedling  the  general  plan  and 
conftitution  of  the  fyftem,  and  the  relation  that  one 
part  of  it  bears  to  another. 
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SECTION  III. 

Experiments  of  Plants  growing  in  nitrated  Air  in  the 
Tear  1777. 

Having  heard  that  feveral  perfons  abroad 
had  not  been  able  to  repeat  my  experiments 
with  the  fame  fuccefs,  I refumed  them  ; and  when 
I had  made  fom'e  progrefs  in  them,  I heard  of  the 
experiments  of  Mr.  Scheele  on  beans,  who  reports 
the  refult  of  them  to  have  been  conftantly  the  re- 
verfe  of  mine.  On  this  account  I gave  the  more 
attention  to  this  bufinefs  in  the  fpring  and  fumnaer 
of  1778  ; and  though  I was  interrupted  in  the  pro- 
fecution  of  them,  I made  a conhderable  number  in 
the  beginning  of  the  fummer,  the  refult  of  which 
was  as  follows. 

I.  In  general,  the  experiments  of  this  year  were' 
unfavourable  to  my  former  hypothefis.  For  whe- 
ther I made  the  experiments  with  air  injured  by 
refpiration,  'the  burning  of  candles,  or  any  other 
phlogiftic  procefs,  it  did  not  grow  better  but  worfe ; 
and  the  longer  the  plants  continued  in  the  ' air,  the 
more  phlogifticated  it  was*  I alfo  tried  a great  variety 
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of  plants,  but  with  no  better  fuccefs,  as  fprigs  of 
mint,  fpinach,  lettuce,  onions,  brook-lime,  and  fome 
others.  The  method  in  which  I ufed  them  was, 
generally,  to  put  the  roots  into  phials  filled  with 
earth  and  water,  and  then  to  introduce  them  through 
water  into  the  jar  containing  the  air  on  which  I 
was  making  the  experiment;  the  jars  being  about 
ten  inches  in  length,  and  two  and  a half  in  diame- 
ter. 

2.  I have  had  feveral  inftances  of  the  air  being 
undoubtedly  meliorated  by  this  procefs,  efpecially 
by  the  Ihoots  of  ftrawberries,  and  fome  other  plants, 
which  I could,  by  bending,  introduce  into  the  jars 
or  phials  of  air,  fupported  near  them  in  the  garden, 
while  the  roots  continued  in  the  earth.  This  I 
thought  to  be  the  fairefl;  method  of  trial,  the  plant 
growing,  in  every  refpedt,  in  its  natural  way,  ex- 
cept that  part  of  the  ftem  was  obliged  to  lie  in 
water,  and  the  Ihoot  was  in  air,  confined  in  a nar- 
row jar. 

3.  I had  other  inftances,  no  lefs  unqueftionable, 
of  common  air  not  only  receiving  no  injury,  but 
even  confiderable  advantage  from  the  procefs ; hav- 
ing been  rendered  in  fome  meafure  dephlogifticated 
by  it,  fo  as  to  be  much  more  diminiftied  by  nitrous 
air  than  before ; a thing  which  I was  far  from  ex- 
pedling ; having  had  nothing  farther  in  view  than 
firnply  to  try  whether  the  air  would  be  injured  or 
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not;  Mr.  Scheele,  who  made  his  experiments  with 
beans,  having  always  found  it  injured. 

4.  In  mod  of  the  cafes  in  which  the  plants  fail- 
ed to  meliorate  the  air,  they  were  either  manifeftly 
fickly,  or  at  leaft  did  not  grow  and  thrive,  as  they 
did  mod  remarkably  in  my  fird  experiments  at 
Leeds;  the  reafon  of  which  I cannot  difcover. 
Indeed,  I did  not  at  this  time  make  ufe  of  any  air 
tainted  with  putrefadtion,  contenting  myfelf  with 
that  which  was  injured  by  my  own  refpiration,  or 
the  burning  of  candles ; and  it  was  in  air  tainted 
with  the  putrefadion  of  animal  fubdances  that  my 
plants  had  flourifhed  the  mod. 

Upon  the  whole,  I dill  thought  it  probable ^ from 
the  experiments  of  this  year,  that  the  vegetation 
of  healthy  plants,  growing  in  fituations  natural  to 
them,  has  a falutary  effect  on  the  air  in  which  they 
grow.  For  one  clear  indance  of  the  rnelioration 
of  air  in  thefe  circumdances  fhould  weigh  againd  a 
hundred  cafes  in  which  the  air  is  made  worfe  by  it, 
both  on  account  of  the  many  difadvantages  under 
which  all  plants  labour,  in  the  circumdances  in 
which  thefe  experiments  mud  be  made,  as  well  as 
the  great  attention,  and  many  precautions,  that  are 
requifite  in  condxiding  fuch  a procefs/ 
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SECTION  IV, 


Of  the  Growth  of  Plants  in  dephlogijlicafed  Air* 


I N C E air  that  has  been  injured  by  refpiration 


or  putrefadion  is  favourable  to  the  growth  of 
plants,  it  was  natural  to  conclude,  that  dephlogifti- 
cated  air  muft  be  unfavourable  to  them.  But  it  is 
remarkable  that  plants  will  live  tolerably  well  in 
veiy  different  kinds  of  air,  even  in  inflammable  air. 
Flowever,  in  order  to  form  fome  general  idea  of 
the  effed  of  this  pure  kind  of  air  in . this  refped, 
I made  the  following  experiments.  On  the  loth 
of  September,  1776,  I took  two  fprigs  of  mint; 
and  having  put  each  of  them  into  a phial  of  rain 
water,  introduced  one  of  them  into  a jar  of  dephlo- 
gifticated  air,  leaving  the  other  in  a jar  of  the  fame 
fize,  and  with  all  other  circumftances  fimilar  to  it, 
ill  common  air. 

For  fome  time  I could  perceive  no  difference 
between  them,  and  negleded  to  take  notice  of  them, 
till  the  ioth  of  Odober  following ; when  I found 
the  plant  in  the  dephlogifticated  air  quite  dead  and 
black,  and  the  other  partially  fo,  but  the  upper- 
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inoft  leaves  were  ftill  alive.  The  dephlogifticated 
air  was  diminifhed  one  feventh  of  its  bulk^  and 
the  other  half  as  much. 

This  being  late  in  the  year,  when  the  power  of 
vegetation  is  languid,  and  being  a fingle  experi- 
ment, no  general  conclufion  could  be  drawn  from 
it. 

But  I was  pretty  well  fatisfied  with  refpedt 
to  it,  from  experiments  begun  in  April,  1777, 
and  continued  occafionally  in  the  courfe  of  the 
fummer  following. 

In  order  to  compare  the  vegetation  of  plants  in 
air  differing  as  much  as  poffible  with  refpect  to 
phlogiflon,  I took  three  fprigs  of  mint  j and  having 
put  all  their  roots  into  phials  containing  the  fame 
pump  water,  that  had  been  feme  time  expofed  to 
the  open  air,  I introduced  one  of  them  into  a jar 
of  common  air,  another  into  one  of  dephlogifticated 
air,  and  the  third  into  air  that  had  been  phlogifli- 
cated  with  nitrous  air  feveral  months  before.  It 
was  in  fuch  a flate,  that  one  meafure  of  it  and  one 
of  nitrous  air  occupied  the  fpace  of  1.75  meafures. 
This  was  done  in  April;  and  examining  the  plants 
on  the  1 2th  of  May  following,  I found  that  the 
plant  in  this  phlogifliicated  air  had  grov/n  remark- 
ably well,  much  better  than  that  in  the  common 
air;  whereas  the  plant  in  the  dephlogifticrted  air 
had  a very  fickly  appearance. 
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I examined  thele  plants  on  the  26th  of  the  fame 
month,  when  the  appearances  continued  nearly  the 
fame,  and  then,  examining  the  ftate  of  the  air,  I 
found  that,  though  the  plant  in  phlogifticated  air 
had  grown  fo  well,  the  air  was  not  fenfibly  improved 
by  it.  The  dephlogifticated  air  was  injured,  which 
I attributed  to  the  rotting  of  fome  of  the  leaves 
of  the  plant.  The  common  air  I did  not  attend 
to. 

On  the  7th  of  June  following,  I took  an  account 
of  three  fprigs  of  mint,  which  had  been  growing, 
I believe,  fome  weeks  in  dephlogifticated  air,  and 
of  three  others,  which  had  been  growing  the  fame 
time,  and  in  all  the  fame  circumftances  in  other 
refpecls,  in  common  air ; and  obferved  that,  in  all 
the  three  cafes,  the  appearances  were  deciftvely  in 
favour  of  the  plants  in  the  common  air,  the  Ihoots 
being  twice  as  large,  and  every  other  appearance 
of  health  in  the  fame  proportion. 

I do  not  fay  that  even  thefe  obfervations  are 
quite  fufficient  to  determine  the  queftion ; but  they 
feem  to  make  it  probable,  that  dephlogifticated  air 
does  not  fupply  that  pabulam  which  plants  derive 
even  from  common  air;  though  I own  it  may  in- 
jure them  on  fome  other  account.  Even  Mr, 
Scheele,  who  maintains  that  vegetation  has  the  fame 
effect  on  air  that  refpiration  has,  I find,  allows  that 
plants  do  not  grow  fo  well  in  dephlogifticated  as 
in  common  air. 
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SECTION  V. 

Of  the  State  of  Air  confined  in  the  Bladders  of  Sea 
Weed. 

1WAS  much  confirmed  in  the  hypothecs  of 
vegetation  reftoring  atmofphericai  air  to  a ftate 
of  greater  purity,  by  finding  the  air  within  the 
bladders  of  the  common  fea  weed  to  be  confiderably 
better  than  the  common  external  air.  This  was  a 
cafual  and  unexpected  obfervation  that  I made  in 
the  courfe  of  a fummer  which  I fpent  at  Lymington, 
and  I wifh  that  fome  philofophical  perfons  who  live 
near  the  fea  would  examine  this  circumftance  a 
litde  farther,  both  for  the  fake  of  inveftigating  the 
origin  of  this  air,  and  the  particular  oeconomy  of 
the  plant  that  contains  it.  It  might  even  lead  to 
fome  farther  knowledge  of  the  ftruCture  of  plants 
in  general. 

Before  I recite  thefe  obfervations,  I would  re- 
mind my  reader,  that  I formerly  gave  fome  atten- 
tion to  the  air  contained  in  the  hollow  parts  of 
certain  plants,  particularly  the  bladder  Jena^  and  the 
ilalks  of  onions ; but,  in  thofe  two  cafes,  I found 
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the  air,  as  far  as  I could  then  judge,  not  to  differ 
from  that  of  the  furrounding  atmofphere.  This 
being  an  obfervation  of  no  confequence,  I defifted 
from  profecuting  it,  imagining  there  muft  be  fome 
eafy  communication  between  thofe  cavities  in  plants  ' 
and  the  external  air,  fo  that  much  difference  could 
not  be  expedted.  I found,  however,  in  the  courfe 
of  this  fummer,  that,  in  two  other  cafes,  air  fo 
confined  was  much  inferior  in  purity  to  that  of 
common  air.  ' ' 

Air  preffed  out  of  the  flalks  of  the  common  ^ag 
(as  I think  it  is  called)  growing  in  water,  was  in 
fuch  a ffate,  that  one  meafure  of  it  and  one  of  ni- 
trous air  occupied  the  fpace  of  1.5  meafures.  And 
air  in  the  infide  of  a plant  refembling  hemlock  was 
even  worfe  than  this.  For  when  I examined  it  I 
found  the  meafures  of  the  tefl  to  be  1.75. 

Upon  this  I was  rather  inclined  to  fuppofe,  that 
if  the  air  within  the  cavities  of  plants  was  examined 
with  rigour,  it  would  always  be  found  rather  worfe 
than  the  air  in  the  furrounding  atmofphere,  efpeci- 
ally  if  the  plant  was  in  the  fmalleft  degree  un- 
healthy; as  .the  phlogifton  difeharged  in  any  ten- 
dency to  difeafe  would  eafily  affed;  the  air  of  fuch 
cavities;  and  there  being  no  vifible  circulation,  it 
would  probably  retain ' fuch  a taint  a confiderable 
rime.  Though  L might  have  fuppofed,  that  if  the 
plant  was  very  healthy,  and  did . imbibe  phlogifton 
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from  the  neighbouring  air,  the  air  in  thofe  cavities 
(in  what  manner  foever  it  came  there)  would  be 
depurated  by  that  means,  and  thereby  approach  to 
the  ftate  of  dephlogifticated  air.  This  may  per- 
haps be  the  cafe  with  the  air  in  the  bladders  of  fea 
weed,  though  I could  wifh  to  know  a little  more 
concerning  the  origin  of  this  air.  For  as  fome  of 
the  plants  grow  intirely  under  water,  there  is.  no 
appearance  of  this  air  having  ever  been  atmofpheri- 
cal  air,’  but  rather  of  its  being  generated  within  the 
plant  itfelf. 

I obferved  three  kinds  of  this  fea  weed,  one 
which  I take  to  be  the  quercus  marinusy  the  blad- 
ders, when  full  grown,  being  about  half  an  inch 
in  diameter,  and  rather  of  an  oval  form ; another 
in  which  the  bladders  were  fpherical,  about  a quar- 
ter of  an  inch  in  diameter ; and  a third  in  which 
the  bladders  were  much  larger  than  thefe,  being 
formed  by  the  reparation  of  two  lamina  of  which 
the  plant  confifts,  fo  as  to  refemble  a fillet,  the  blad- 
der being  exadtly  of  the  breadth  of  the  dag,  and 
rather  longer  than  it  is  broad. 

The  firft  of  thefe  was  mod;  common”  on  the  fea 
fnore  at  I.ymington.  The  hrfl:  that  I took  up  had  lain 
a confiderable  time  on  the  fhore,  fo  that  the  blad- 
ders were  become  very  hard  and  brittle,  and  the 
air  within  them  was  exaclly  in  the  fame  flate  with 
the  air  of  the  atmofphere.  But  afterv/ards,  on  the 
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25  th  of  July,  I happened  to  meet  with  a quar(tity 
of  this  weed  that  had  juft  been  thrown  up  by  the 
fea,  quite  moift,  and  the  bladders  foft.  Burfting 
them  under  water,  and  examining  the  air,  I found 
tliat  one  meafure  of  it  and  one  of  nitrous  air  occu- 
pied the  fpace  of  not  more  than  one  meafure; 
whereas,  when  I applied  the  fame  teft  to  the  com- 
mon air,  the  meafures  were  1,3* . 


SECTION  VI, 

Of  the  Jpntaneou^  Emijfion  of  dephlogifiicated  Air  from 
Water  containing  a vegetating  green  Matter, 

Few  perfons,  I believe,  have  met  with  fo  much 
unexpeded  good  fuccefs  as  myfelf  in  the  courfe 
of  my  philofophical  purfuits.  My  narrative  will 
fhow.  that  the  firft  hints,  at  leaft,  of  almoft  every 
thing  that  I have  difcovered  of  much  importance, 
have  occurred  to  me  in  this  manner.  In  looking 
for  one  thing  I have  generally  found  another,  and 
fometimes  a thing  of  much  more  value  than  that 
which  I was  in  queft  of.  But  none  of  thefe  un- 
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expe6ted  difcoverles  appear  to  me  to  have  been  fo 
extraordinary  as  that  which  I am  about  to  relate ; 
and  it  may  ferve  to  admonilh  all  perfons  who  are 
engaged  in  fimilar  purfuits,  not  to  overlook  any 
circumftance  relating  to  an  experiment;  but  to 
keep  their  eyes  open  to  every  new  appearance,  and 
to  give  due  attention  to  it,  how  inconfiderable  foever 
it  may  feem. 

In  the  courfe  of  my  experiments  on  the  growth 
of  plants  in  water  impregnated  with  fixed  air,  I 
obferved  that  bubbles  of  air  feemed  to  ifiTue  Ipon- 
taneoufly  from  the  ftalks  and  roots  of  feveral  of 
thole  which  grew  in  the  unimpregnated  water; 
and  I imagined  that  this  air  had  percolated  through 
the  plant.  It  immediately  occurred  to  me,  that 
if  this  was  the  cafe,  the  ftate  that  air  might  pof- 
fibly  help  to  determine  what  I v/as  at  that  time  in- 
velligating,  viz.  whether  the  growth  of  plants  con- 
tributes to  purify,  or  to  contaminate  the  air.  For 
if  this  air  fhould  prove  to  be  better  than  common 
air,  I thought  it  would  Ihow,  that  the  phiogilton 
of  the  imbibed  air  had  been  retained  in  the  plant, 
and  had  contributed  to  the  nourifliment  of  it,  while 
that  part  of  the  air  which  pafied  through  the  plant, 
having  depofited  its  phlogifton,  had  been  rendered 
purer  by  that  means ; though  if  the  air  Ihould  not 
have  been  found  better  than  common  air,  I fliouid 
r^ot  h^ve  concluded  my  hypothefis  was  falfe ; fince 
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plants,  like  animals,  might  take  in  phlogifton  in 
one  ftate,  and  emit  it  in  another. 

With  this  view,  however,  I plunged  many  phials, 
containing  Iprigs  of  mint  in  water,  laying  them  in 
fuch  a manner,  as  that  any  air  which  might  be  dif- 
charged  from  the  roots  would  be  retained  in  the 
s phials,  the  bottoms  being  a little  elevated.  In  this 
pofition  the  fprigs  of  mint  grew  very  wellj  and  in 
fbme  of  the  phials  I obferved  a quantity  of  air  to 
be  colle£led,  though  very  flowly ; but  I was  much 
difappointed  in  finding  that  fome  of  the  mod  vi- 
gorous plants  produced  no  air  at  all.  At  length, 
however,  from  about  ten  plants,  I colledted,  in  the 
courfe  of  a week,  about  half  an  ounce  meafure  of 
air.  This  was  the  19th  of  June,  1778;  and,  ex- 
amining it  with  the  greatefl:  care,  I found  it  fo 
pure,  that  one  meafure  of  it  and  one  of  nitrous  air 
, occupied  the  fpace  of  only  one  meafure. 

This  remarkable  fa6l  contributed  not  a little  to 
confirm  my  faith  in  the  hypothefis  of  the  purifica- 
tion of  the  atmofphere  by  vegetation  ; but  I did  not 
enjoy  this  fatisfadlion  long.  For  I confidered  that, 
if  this  was  the  proper  effecfi;  of  vegetation,  it  muft 
be  univerfal,  and  could  not  be  confined  to  a few 
plants,  efpecially  when  others  of  the  fame  fpecies 
produced  no  fuch  effe6i:.  Befides,  when  1 removed 
the  air-producing  plants,  as  1 thought  them  to  be, 
into  other  and  cleaner  phials,  I found  that  they 
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yielded  no  more  air  than  the  other  plants  had  done. 
And,  what  I thought  more  extraordinary  Hill,  the 
phials  in  which  thefe  plants  had  grown,  the  infidcs 
of  which  were  covered  with  a green  kind  of  matter, 
continued  to  yield  air  as  well  when  the  plants  were 
out  of  them,  as  they  had  done  before.  This  con- 
vinced me  that  the  plants  had  not,  as  I had  ima- 
gined, contributed  any  thing  to  the  produdioa  of 
this  pure  air. 

About  the  fame  time  I obferved  that  great  plenty 
of  air  rofe  fpontaneoufly  from  the  bottom  and  fides 
of  a tall  conical  receiver,  about  eighteen  inches 
high,  and  five  wide  at  the  bottom,  originally  made 
for  the  experiment  of  the  fountain  in  vacuo,  but 
which  I had  often  ufed  as  a magazine  for  various 
kinds  of  air,  and  which  was  at  that  time  employed 
for  the  fame  purpofe  ; and  both  the  plate  on  which 
it  flood  inverted,  and  the  lower  part  of  the  receiver, 
were  covered  with  this  green  matter. 

To  make  my  obfervations  on  this  new  fubjecl  of 
experiment  with  more  attention,  I transferred  the 
air  it  had  contained  into  another  vefTel,  filled  the  re- 
ceiver with  frefh  pump  water,  and  placed  it  where 
it  had  flood  before,  which  was  in  a window  on 
which  the  fun  fhone ; when  air  bubbles  prefeiitly 
began  to  rife  very  fail,  fo  that,  in  three  days,  I had 
colledled  feven  ounce  meafures,  and  this  was  fo  pure, 
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that  one  meafure  of  it,  and  two  of  nitrous  air  occu- 
pied the  fpace  of  four  fifths  of  a meafure. 

Having  found  many  of  my  phials  which  had  the 
fame  green  matter  in  them,  I filled  them  alfo  with 
frefh  pump  water  ^ and,  inverting  them,  I colledled 
from  them  all  confiderable  quantities  of  the  fame 
dephlogifticated  air,  efpecially  when  they  were 
placed  in  the  fun  ; and  it  was  very  amufing  to  watch 
them,  and  to  obferve  the  bubbles  fwell,  and  detach 
themfelves  gradually  from  the  green  matter. 

When  I had  advanced  thus  far  in  this  interefting 
inquiry,  I was  obliged  to  defift  from  the  farther 
profecution  of  it,  on  account  of  a journey,  on  which 
I was  abfent  fome  months  ; and  all  that  I could  do 
was  to  leave  a number  of  phials  filled  with  differ- 
ent kinds  of  water,  as  river  water,  pump  water,  and 
rain  water,*  with  feveral  other  little  varieties,  in  or- 
der to  difcover  the  circumflances  that  were  mofl  fa- 
vourable to  the  produdlion  of  this  green  matter, 
whatever  it  was. 

At  my  return,  on  the  8 th  of  September,  1 found 
no  green  matter  in  any  of  the  phials,  excepting 
thofe  which  contained  pump  water.  Neither  the 
rain  water,  or  river  water,  had  produced  any. 
This  pump  water  contains  a confiderable  quantity 
of  fixed  air,  and  I mufl  alfo  obferve  that  the  infides 
of  the  middle  and  lower  glaffes  in  one  of  Mr.  Par- 
I ker’s 
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ker’s  apparatus’s  for  impregnating  water  with 
fixed  air  were  almoft  coated  with  this  green  mat- 
ter. 

After  this  I placed  in  my  garden  a large  glafs  jar 
nearly  filled  with  pump  water,  which  I had  ftrong- 
ly  impregnated  with  fixed  air,  and  alfo  jars  of  river 
water,  rain  water,  and  pump  water  unimpregnated ; 
and  on  the  14th  of  October,  I found  almoft  all  the 
bottom  of  the  jar  which  contained  the  impregnated 
water  covered  with  the  green  matter,  but  there 
was  none  at  all  in  any  of  the  other  jars.  This  made 
it  probable,  that  the  fixed  air  in  the  water  contri- 
butes to  the  produdion  of  this  matter. 

That  the  external  air,  or  animalcules  in  it,  have 
nothing  to  do  in  the  formation  of  this  green  matter, 
is  evident  from  feveral  of  the  preceding  obferva- 
tions.  This  could  not  be  the  cafe,  for  inftance, 
with  the  large  inverted  receiver,  which  had  always 
yielded  the  greateft  quantity  of  this  air,  or  with  the 
water  in  the  middle  vefifel  of  Mr.  Parker’s  appara- 
tus. Befides,  at  other  times  I have  kept  phials 
clofely  corked,  and  yet  have  found  the  green  mat- 
ter at  the  bottom  of  them,  and  it  has  yielded  air 
plentifully,  efpecially  in  the  fun,  or  when  placed 
near  the  fire.  For  when  the  matter  is  once  formed, 
nothing  but  a certain  degree  of  warmth  feems  to 
be  neceftary  to  its  adual  produdion  of  air. 
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The  produ6lion  of  this  green  matter  in  clofe  vef- 
felsfeemed  to  prove  that  it  can  neither  be  of  an  animal 
or  a vegetable  nature,  but  a xKing  Jui  generis y and 
which  ought,  therefore,  to  ' be  charadlerized  by 
fome  peculiar  name ; and  all  the  obfervations  that 
1 made  upon  it  with  the  microfcope  agreed  with  this 
fuppofition.  For,  excepting  a few  filaments,  that 
were  hollow,  and  two  or  three  globular  pieces,  per- 
forated with  fome  regularity,  all  the  reft  of  the  fub- 
ftance  feemed  to  be  a congeries  of  matter  of  a com-' 
pa6t  earthy  nature,  the  pieces  feparately  taken  re- 
fembling  bits  of  jelly. 

I had  fome  appearances  very  early,  which,  ex- 
traordinary as  I thought  it,  made  it  probable  that 
light  was  neceflary  to  the  formation  of  this  fub- 
ftance.  On  the  23d  of  Odober,  I obferved  that 
two  fmall  phials,  which  had  been  filled  with  pump 
water,  and  clofely  corked  on  the  9th  of  Auguft  pre- 
ceding, had  both  of  them  a quantity  of  this  green 
matter,  while  an  open  jar  of  the  fame  water,  but  in 
a much  worfe  light  had  none  of  it.  There  was,  in- 
deed, a greater  depth  of  water  in  the  jar  than  in  the 
phials ; and  though  I had  generally  obferved  that 
this  green  matter  is  firft  formed  at  the  bottom  of 
the  vefTels,  it  may  poffibly  require  more  time  to 
the  formation  of  it  in  proportion  to  the  depth  of 
water.  Two  other  jars,  however,  about  an  inch 
5 deeper 
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deeper  than  that  above-mentioned,  and  quite  filled 
with  the  fame  water,  placed  in  the  window  on  which 
the  fun  fhone  had  acquired  this  green  matter,  even 
in  lefs  time  than  the  two  fmall  phials  above-men-, 
tioned. 

From  greeny  this  fubftance  paffes  gradually  to  a 
kind  oi yellow y or  rather  orange  colour.  For  on  the 
14th  of  061:ober,  I obferved  that  the  large  receiver 
in  which  I had  at  firft  colleded  a confiderable  quan- 
tity of  this  pure  air,  and  which  I had  always  kept 
full  of  water,  continued  to  yield  air  as  copioufly  as 
ever,  though  both  on  the  receiver  itfelf^  and  on  the 
plate  on  which  it  flood,  the  colour  of  this  fubftance 
was  quite  changed  to  the  orange  colour  above-men- 
tioned. 

On  the  17th  of  September  I had  taken  all  the 
air  from  this  receiver,  and  on  the  14th  of  Odober 
following,  on  which  I obferved  its  change  of  colour, 
I took  from  it  about  nine  ounce  meafures  of  air, 
the  very  pureft  that  I had  ever  got  in  this  method. 
For  one  meaflire  of  it  and  two  of  nitrous  air, 
occupied  the  fpace  of  0.44,  which  is  quite  as  pure 
as  dephlogifticated  air  at  a medium. 

Obfervin'g  one  of  my  phials  of  water  that  had  got 
a coating  of  the  green  matter  yielding  air  very  co- 
pioufly,  I poured  the  water  out  of  it  into  a clean 
phial,  and  found  that,  by  the  agitation  given  to  it 
in  the  adl  of  decanting,  it  fparkled  as  much  as  any 
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Prymont  or  Seltzer  water.  Inverting  it  in  a bafon 
of  water,  I colle6ted  the  air,  and  found  it  to  be 
very  pure.  I treated  feveral  other  phials  in  the^ 
fame  manner,  and  the  fubfequent  appearances  being 
the  fame,  I had  no  doubt  but  that  when  water  is 
brought  into  a ftate  proper  for  depofiting  that  green, 
matter,  it  is,  by  the  fame  procefs,  prepared  for  the 
fpontaneous  emiflion  of  a confiderable  quantity  qf 
pure  air. 

I never  found  it  except  in  drcumftances  in  which 
the  water  had  been  expofed  to  light ; and  when,  af- 
ter (landing  in  the  dark,  the  water  has  depofited  a 
whitifh  filmy  matter,  it  has  become  green  after  a 
few-days  expofure  to  the  fun.  It  was  moft  freely  de- 
pofited  from  my  pump  water,  and  efpecially  when 
it  had  been  impregnated  with  fixed  air,  but  I have 
found  it  both  in  river  water,  and  rain  water,  after 
longer  (landing.  I have  generally  found  it  at  the 
bottom  of  the  velTel,  but  fometimes  it  has  been 
^ firil  formed  at  the  top,  and  the  coating  from  the 
bottom  and  that  from  the  top  meeting,  the  whole 
phial  has  acquired  a coating  of  it  from  being  once 
filled  with  pump  water.' 

When  I have  kept  water  a long  time  in  the  (hade, 
it  has  not. .generally  yielded  any  other  kind  of  air 
than  it  would  have  yielded  at  the  firft ; and,  though, 
when  it  h^s  been  kept  in  an  open  vefTel,  the  air 
has  been  better,  it  has  never  been  fo  good  as  the 

. . air 
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air  in  the  fame  kind  of  water  that  has  been , expofed 
a much  lefs  time  to  the  fun. 

No  degree  of  warmth  will  fupply  the  place  of 
the  fun’s  light  j and  though^  when  the  water  is  once 
prepared  by  expofure  to  the  fun,  warmth  will  fuf- 
fice  to  expel  that  air ; yet,  in  this  cafe,  the  air  has 
never  been  fo  pure,  as  that  which  has  been  yielded 
Ipontaneoufly,  without  additional  heat.  The  reafon 
of  this  may  be  that,  befides  the  air  already  depurat- 
ed, and  on  that  account  ready  to  quit  its  union 
with  the  water,  heat  expels,  together  with  it,  the 
air  that  was  phlogifticated,  and  held  in  a clofer  uni- 
on with  the  water. 

The  large  receiver  of  which  I have  made  men- 
tion, as  having  ferved  me  for  a magazine  of  air, 
and  which  I find  contains  135  ounces  of  water,  I 
have  already  obferved  yielded,  when  filled  with, 
pump  water,  nine  ounce  meafures  of  very  pure  de- 
phlogifticated  air,  after  being  expofed  to  the  fun 
from  the  17th  of  September  to  the  14th  of  06tober. 
I then  filled  it  with  frefh  pump  water,  and  placed 
it  in  my  laboratory  till  the  8th  of  December  (with 
its  mouth  inverted,  as  before,  in  a difii  of  the  fame 
water)  and  in  all  this  time  not  a fingle  bubble  of 
air  came  from  it.  But  on  being  placed  in  a Ibuth 
window  it  immediately  began  to  yield  air,  and  con- 
tinued fo  to  do  whenever  the  fun  fhone,  till  the  21  ft 
U 2 of 
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of  January  following,  when  there  might  be  about 
four  ounce  meafures  of  air  in  it.  I then  placed  the 
receiver,  and  the  difh  in  which  it  flood,  m a large  pan 
of  water,  which  1 made  to  boil,  and  kept  boiling 
the  whole  day,  till  no  more  air  could  be  difeharged 
from  it ; and  the  next  morning,  when  it  was  cold, 
I examined  the  air,  and  found  it  to  be  in  all  fix 
ounce  meafures.  No  part  of  it  was  fixed  air,  and 
one  meafure  of  it  and  two  of  nitrous  air  occupied 
the  {pace  of  .9  meafures  j whereas,  with  the  air 
produced  fpontaneoufiy,  in  the  light  of  the  fun,  the 
fame  meafures  were  .44,  and  the  quantity  nine 
ounce  meafures. 
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SECTION  VII. 

Of  the  Purification  of  Air  hy  Plants  and  the  Influence 
of  Light  on  that  Proccfs, 

ONE  of  my  earlieft  obfervations  on  the  fubjed 
of  air,  but  made  cafually,^when,  in  fad,  I 
expeded  a contrary  refult  from  the  procefs,  was  the 
purification  of  air  injured  by  refpiration  or  putre* 
fadion,  by  the  vegetation  of  plants.  But  at  that 
time  I was  altogether  ignorant  of  the  part  that  light 
had  to  ad  in  the  bufinefs.  At  the  publication  of 
the  experiments  recited  in  the  laft  fedion,  I had 
fully  afcertained  the  influence  of  light  in  the  produc- 
tion of  dephlogifticated  air  in  water  by  means  of  a 
green  fubjlance,  which  I at  firft  fuppofed  to  be  a plant, 
but  not  being  able  to  difcover  the  form  o.f  one,  I 
contented  myfelf  with  calling  it  (imply  green  mat^ 
ter. 

Several  of  my  friends,  however,  better  (killed  in 
botany  than  myfelf  never  entertained  any  doubt  of 
its  being  a plant ; and  I had  afterwards  the  fullefl: 
convidion  that  it  muft  be  one,  Mr.  Bewly  has 
lately  oblerved  the  regular  form  of  it  by  a microf- 
cope.  My  own  eyes  having  always  been  weak,  I 
fU  3 have, 
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have,  as  much  as  pofTible,  avoided  the  ufe  of  a mi- 
crofcope. 

The  principal  reafon  that  made  me  qiieftion  whe- 
ther this  green  matter  was. a plant,  befides  my  not 
being  able  to  difcover  the  form  of  it,  was  its  being 
produced,  as  I then  thought,  in  a phi^l  clofe  flopped. 
But  this  being,  only  %ith  a common  cork,  the  feeds 
of  this  plant,  which  mufl  float  invifibly  in  the  air, 
might  have  infinuated  themfelves  through  fome  un- 
perceiyed' fradlure  in.  it  j or.  the  feeds  might  have 
been  contained  in  the  water  previous  to . its  being 
put  into  the  phial.  Both  Mr.  Bewly  and  myfelf 
found,  in  the  courfe  of  the  laft  fummer,  that  when 
diflilled . water  was  expofed  to.  the  fun,  in  phials 
.filled  in  part  with  quickfilver,  and  in‘  part  with  dif- 
iilled  water^  ahddnverted  in  bafons  of  quickfilver, 
none  of  this 'green  matter.;was  ever  produced  ; no 
feed  of  this  plant  having  been  able  to  penetrate 
through  the  mercury^  to  reach  the  water  incumbent 
upon  it,  though,  in  feveral  cafes,  it  will  be  feen, 
that  thefe  feeds  diffufe  and  infinuate  themfelves,  in 
a manner  that  is  truly  wonderful. 

Without  light,'  it  is  well  known,  that  no  plant  can 
thrive ; and  if  it  do  grow  at  all  in  the  dark,  it  is 
always  white,  and -is,  in  all  other  refpe6ls,  in  a weak 
'’and  fickly  flate.  Healthy  plants  are  probably  in  a 
flate  fimilaf  to  that  oCjlesp  in  - the  abfence  of  light, 
and  do  liof 'feium-c  their  propec  functions,  but  by 

^ the 
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the  influence  of  light,  and  efpecially  the  adion  of  the 
rays  of  the  fun.  This  was  the  reafon  why  no  green 
matter  was  ever  produced  by  means  of  mere  warmth  in 
my  former  experiments,  and  that  in  jars  fending  in 
die  fame  expofure,  but  covered,  fo  that  the  light  had 
no  accefs  to  them,  no  pure  air  was  colleded,  none 
of  the  green  matter  being  then  found  in  them. 

This  I verified  moft  completely  by  covering  the 
greatefl:  part  of  a glafs  jar  with  black  fealing-wax, 
which  made  it  thoroughly  opaque  j and  befides  an- 
fwering  that  purpofe  better  than  brown  paper,  as  I 
made  the  experiment  before,  did  not  imbibe  any 
of  the  water,  and  therefore  did  not  promote  the 
evaporation  of  it.  To  be  able  to  oblerve  whether 
any  air  was  collefed  in  thefejars,  or  not,  the  upper 
part  of  them  was  not  coated  with  fealing  wax, 
but  had  a thick  moveable  cap  of  paper,  which  I 
could  eafily  take  off,  and  then  infped  the  furface 
of  the  water. 

In  order  to  fatisfy  myfelf  as  fully  as  poflible  with, 
refped  to  this  remarkable  circumfence,  I alfo 
made  the  following  experiments,  the  refult  of  which 
are,  indeed,  very  decifiye  in  favour  of  the  influence 
of  light  in  this  cafe. 

Having  a large  trough  of  water,  full  of  recent 
green  matter,  giving  air  very  copioufly,  fo  that  all 
the  furface  of  it  was  covered  with  froth,  and  jars 
filled  with  it,  and  inverted,  collected  great  quan- 
U 4 tides 
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titles  of  it,  and  very  fail ; I filled  a jar  with  it, 
and,  inverting  it  in  a bafon  of  the  fame,  I placed  it 
in  a dark  room.  From  that  inftant  ho  more  air 
was  yielded  by  it,  and  in  a few  days  it  had  a very 
offenfive  fmell,  the  green  vegetable  matter  with 
which  it  abounded  being  then  all  dead,  and  putrid. 

Again,  having  filled  a receiver  with  frefh  pump 
water,  and  having  waited  till  it  was  in  a ftate  of 
giving  air  copioufiy,  I removed  it  into  a dark  room ; 
and  from  that  time  the  production  of  air  from  it 
intirely  ceafed.  When  I placed  it  again  in  the  fun, 
it  gave  no  air  till  about  ten  days  after,  when  it  had 
more  green  matter,  the  former  plants  being  proba- 
bly all  dead  ; and^o  air  could  be  produced  till  new 
ones  were  formed. 

With  the  fame  view  I placed  fome  fmall  flices  of 
roafttdheef\x\2LVt^€i  of  water  in  the  fun,  and  an 
equal  quantity,  in  another  veffel  of  the  fame  fize, 
in  the  dark  \ when  the  former  became  green,  and 
yielded  air,  but  the  latter  not  at  all.  It  will  be 
feen  afterwards  that  many  animal  fubftances  afford 
an  excellent  pabulum  for  this  green  vegetable 
matter, 

I alfo  made  a fimilar  experiment  with  flices  of 
cucumber^  when  thofe  in  the  fun  became  covered 
with  green  matter,  and  yielded  pure  air,  but  thofe 
that  had  been  placed  in  the  fhade,  though  they  did 
yield  a fmall  quantity  of  air,  it  was  wholly  phlo- 
I gifticated. 
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gifticated,  though  not  inflammable,  which  many 
vegetable  fubftances  yield  in  the  fame  circum- 
ftances. 

That  it  was  the  green  matter  that  yielded  the  air, 
and  not  the  mere  action  of  light  upon  the  water, 
might  be  inferred  from  my  former  experiments; 
and  this  was  my  own  idea  at  the  firft,  though  I quit- 
ted it  afterwards.  The  appearance  which  then 
mifled  me  was  the  great  quantity  of  pure  air  emit- 
ted by  the  water,  after  it  was  poured  off  from  the 
green  matter.  But  before  any  air  can  appear  on 
the  furface  of  the  water,  in  its  eiaftic  ftate,  the  wa- 
ter itfelf  rnufl;  be  thoroughly  faturated  with  it,  in 
which  cafe  it  contains  fo  much  air,  that,  upon  the 
lead  agitation,  even  without  heat,  it  readily  parts 
with  it,  and  exhibits  the  beautiful  appearance  which 
I then  defcribed.  But  that,  notwithftanding  this 
appearance,  it  was  the  green  matter^  and  not  the 
water,  that  yielded  the  air,  I was  convinced  by  the 
following  experiment. 

Having  a number  of  earthen  plates  covered  with 
green  matter,  I introduced  feveral  of  them  under 
veflfels  filled  with  frefli  pump  water,  and  then  placed 
them  in  the  fun,  together  with  other  veflTels  filled 
with  the  fame  water,  at  the  fame  time,  but  {land- 
ing on  clean  plates ; when  I conflantly  found  that 
air  was  immediately  produced  in  the  veflels  con- 
taining the  green  matter  but  none  in  the  others,. 

till 
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till  the  green  matter  was  naturally. formed  in  them; 
after  which,  but  not  before,  pure  air  was  produced 
in  thofe  veflels  alfo. 

'I  likewile  ufed  water  that  had  long  been  expofed  to 
the  fun’s  light,  fo  that  it  muft  have  depofited  every 
thing  that  mere  light  could  make  it  part  with; 
and  yet  in  this  water,  upon  plates  of  green  matter, 
air  was  immediately  produced,  as  well  as  in  water 
that  had  never  been  expofed  to  the  fun. 

• I was  led  to  thefe  experiments  by  obferving  that 
air  was  immediately  produced  from  thofe  parts  of 
my  jars  to  which  green  matter  from  former  experi- 
ments happened  to  adhere,  not  having  been  care- 
fully cleaned.  It  was  likewife  an  evidence  that  it 
was  the  green  matter,  and  alfo  in  a vegetating  ftate, 
which  yielded  the  air,  that  when  a plate  covered  with 
it  had  been  made  pretty  hot  before  the  fire  (by 
which  the  plants  had  probably  been  killed)  it 
incapable  of  yielding  any  air. 

Having,  by  this  means,  fully  fatisfied  myfelfj 
that  the  pure  air  I had  procured  was  not  from  the 
watery  but  from  the  green  vegetating  fubftance 
alTifted  by  light,.  I concluded  that  other  aquatic 
plants  mufl  have  the  fame  effedl ; and  going  to  a 
piece  of  ftagnant  water,  the  bottom  of  which  was 
covered  with  fuch  plants,  I took  five  or  fix  different 
kinds  promifcuoufly.  Then,  having  put  them  into 
feparate  jars  of  the  water  in  which  they  were  grow- 
ing^ 
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ing,  and  inverted  them  in  bafons  of  the  fame,  I 
placed  them  in  the  fun  \ and  I found  that  all  of 
them,  without  exception,  were  immediately  covered 
with  bubbles  of  air,  which  gradually  detaching 
themfelves  from  the  leaves  and  ftalks,  where  they 
had  originated,  rofe  to  the  furface  of  the  water ; 
and  this  air,  being  examined,  appeared  to  be,  in  all 
the  cafes,  very  pure,  though  not  quite  fo  pure  as 
that  which  I had  before  procured  from  the  green 
matter;  the'  meafures  of  the  teft,  with  two  equal 
quantities  of  nitrous  air,  being,  at  a medium,  1.5. 
Afterwards  air  procured  from  thefe  plants  was  very 
nearly  as  pure  as  the  other. 

In  order  to  afcertain  with  more  precifion  the 
real  origin  of  this  pure  air,  and  efpecially  to  deter- 
'iTiine  whether  it  was  properly  'produced  by  the  light, 
and  fomething  within  the  plant  (which,  as  I found 
afterwards,  feems  to  be  the  idea  of  Dr.  Ingen- 
houfz^)  or  only  by  dephlogifticating  the  air  pre- 

^ He  fays  (Experiments  on  Vegetables,  p.  23)  that  ‘‘  the  air  ob- 
**  tained  from  the  leaves  is  by  no  means  air  from  the  water,  but  air 
“ continuing  to  be  produced  by  a fpecial  operation  carried  on  in  a 
“ living  leaf,  expofed  to  the  day  light,  and  forming  bubbles,  becaufc 
the  furrounding  water  prevents  this  air  from  being  diffufed 
through  the  atmofphere.”  Again,  p.  89,  he  fays  of  the  green 
vegetable  matter,  “ It  is  wonderful  that  this  green  matter  feenis 
never  to  be  exhaufted  of  yielding  dephlogifticated  air,  though  it 
has  no  free  communication  with  the  common  atmofphere,  fropa 
“ which  the  moft  part  of  other  plants  feem  to  derive  their  ftock  of 
air.  Does  this  vegetable  matter  imbibe  this  air  from  the  water, 

“ and 
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vioufly  contained  in  the  water^  which  I fufpe<5i:cd 
from  my  former  experiments  on  vegetation,  I kept 
a quantity  of  thefe  water  plants  in  jars  of  water  in 
the  fun,  as  long  as  they  would  give  any  air ; then 
only  changing  the  water  I found  that  the  fame 
plants  immediately  began  to  give  frefh  air  as  co- 
pioufly  as  at  firft.  The  particulars  of  the  experi- 
ment were  as  follows. 

I put  a handful  of  thefe  water  plants,  without 
diftinguilliing  their  kinds,  into  a receiver  contain- 
ing eighty  ounce  meafures  of  water,  inverted  in  a 
bafon  of  the  farpe ; and  when  they  had  yielded  be- 
tween fix  and  feven  ounce  meafures  of  air,  I ex- 
amined it,  and  found  that  with  two  equal  quantities 
of  nitrous  air,  the  meafures  of  the  teft  were  0.8. 
But  the  air  had  been  diminilhing  about  three  days, 
fo  that  I believe  there  had  been  eight  ounce  mea- 
fures in  all,  or  one  tenth  of  the  capacity  of  the  jar, 
and  certainly  purer  than  it  was  now  found  to  be. 
It  was  evident,  therefore,  that  no  more  air  would 
have  been  produced  by  thefe  plants  in  this  water, 
though  placed  in  the  fun.  Replacing  this  jar  with 

“ and  change  it  into  dephlogiflicated  air  ? this  does  not  feem  to 
“ me  probable — I ihoiild  rather  incline  to  believe  that  the  wonder- 
fill  power  of  nature,  of  changing  one  fubftance  into  another,  and 
“ of  promoting  perpetually  that  tranfmutation  of  fubftances  which 
**  we  may  obferve  every  where,  is  carried  on  in  this  green  vegetable 
“ matter  in  a more  ample  and  confpicuous  w’ay.” 
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more  of  the  fame  river  water,  the  fame  plants  were 
inftantly  covered  with  air  bubbles,  and  in  a very 
few  hours  had  yielded  more  than  an  ounce  mea- 
fure  of  air.  Some  duck  ''weedy  which  fwam  on  the 
top  of  the  water,  in  the  former  part  of  this  experi- 
ment, was  dead,  owing,  no  doubt,  to  the  purity  of 
the  air  to  which  it  had  been  expoled. 

To  conclude  this  feries  of  experiments,  I expelled 
air  from  a quantity  of  this  river  water,  both  before 
the  plants  were  put  into  it,  and  afterwards ; and  I 
found  that  the  air  contained  in  it  was  purer  after 
the  plants  had  been  confined  in  it  than  before,  though 
the  whole  piece  of  water  being  quite  full  of  plapts, 
the  air  contained  in  it  was  tolerably  pure  in  the  firft 
inftance.  The  meafures  of  the  teft,  with  an  equal 
quantity  of  nitrous  air  being  i.  But  the  air  ex- 
pelled from  the  water  after  the  plants  would  grow 
in  it  no  longer,  was  fo  pure,  that  with  two  equal- 
quantities  of  nitrous  air,  the  meafures  of  the  teft 
were  i.  Alfo,  whereas  the  phial  of  water  in  the 
firft  cafe  gave  only  2.4  ounce  meafures  of  air,  the 
fame  phial  afterwards  gave  4.4;  which  is  nearly 
twice  as  much.  For,  as  I have  obferved  before, 
whereas  the  phiogiftication  of  air  diminifhes  the 
quantity  of  it,  the  dephlogiftication  muft  increafe 
the  quantity ; and  this  increafe  exceeding  the  quan- 
tity which  the  water  is  capable  of  holding  in  folu- 

tion. 
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tion,  part  of  it  is  detached,  and  appears  in  an  elaftic 
form  on  the  furface. 

It  is  alfo  a proof  that  the  proper  origin  of  all 
the  air  produced  in  thefe  circumftances  is  not  the 
plant  and  the  light,  and  that  thefe  are  only  agents 
to  produce  that  effedt  upon  fomething  elfe,  that  In 
all  cafes,  the  quantity  of  air  produced  bears  a cer- 
tain general  proportion  to  the  capacity  of  the  veffel 
in  which  the  procefs  is  made,  never,  I believe  ex- 
ceeding one  eighth,  exclufive  of  that  which  is  held 
in  folution  by  the  water  itfelf,  which,  however,  is 
pretty  conliderable. 

A jar  containing  one  hundred^  and  fifteen  ounce 
meafures  was  filled  with  pump  water  the  2d  of 
June,  and  it  prefently  began  to  yield  air,  and  con- 
tinued to  do  fo  about  a fortnight,  after  which  very 
little  was  produced.  The  quantity  I received  from 
it  was  twelve  ounce  meafures,  which  is  more  than 
one  tenth  of  the  bulk  of  the  water,  and  as  highly 
.dephlogifticated  as  almoft  any  that  I had  ever  pro- 
cured. The  reafon  why  this  jar  began  to  yield  air 
immediately  was,  that  green  matter  from  former 
experiments  adhered  to  feveral  parts  of  it. 

At  another  time  I obferved,  that  when  a large 
earthen  trough,  filled  with  pump  water,  was  very 
.turbid,  with  green  matter  floating  in  it,  and  in  a 
ftate  of  giving  air  very  plentifully,  if  I inverted  any 
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jar  full  of  If,  it  would,  in  about  a week,  yield  one 
eighth  of  its  contents  of  air ; and  examining  it,  1 
found  this  air  fo  pure,  that  with  two  equal  quan- 
tities of  nitrous  air,  the  meafures  of  the  ted  were 

From  this  experiment  it  was  very  evident,  that 
there  is  no  'production  of  air  in  the  cafe,  but 
only  a depuration^  or  dephlogidication,  of  the  air  pre- 
vioufly  contained  in  the  water ; and  as  water  plants 
depurate  the  air  that  is  held  in  folution  by  the  water, 
it  is  agreeable  to  analogy  that  plants  growing  in 
air  fhould  depurate  that  air  ' to  which  they  are  ex- 
pofed.  This  led  me  to  try  whether  plants  growing 
in  air  would,  when  wholly  im  merged  in  water, 
though  it  be  not  their  natural  element,  exert,  and 
retain  for  any  time,  their  power  of  depurating  air. 
But  dill,  to  keep  as  near  as  I could  to  the  water 
plants,  with  which  I had  had  fo  much  fuccefs,  I 
pitched  upon  the  water  flag  for  the  experiment; 
the  root  of  this  plant  and  part  of  the  dalk  being 
in  water;  though  the  upper  part  emerges  out  of 
it.  Not  fufpeding  that  the  mere  leaves  of  a plant 
retain  fo  much  life  as  Dr.  Ingenhoufz  found  them 
to  do  (and  as  I might  have  learned  from  Mr.  Bon- 
net) I took  three  whole  plants,  and  put  them  into 
tall  jars  of  water  for  the  purpofe ; when  I obferved 
that  the  leaves  were  prefently  covered  with  air  . bub- 
bles, and  continued  to  give  air  the  whole  day.  This 
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air  I obferved  to  irream  from  both  Tides  of  the  leaf^ 
and  every  part  of  the  ftalk.  This  air  I examined^ 
and  found  it,  in  one  cafe,  to  be  fomething  worfe 
than  common  air,  but  in  another  cafe,  fomething 
fetter,  though  not  confiderably  fo.  Before  I pro^ 
ceeded  to  make  trial  of  any  other  plants,  I Was  in- 
formed of  the  experiments  of  Dr.  Ingenhoufz, 
whofe  afliduous  attention  to  this  ‘fubjed;  gave  me 
the  greateft  fatisfadtion,  and  entirely  fuperfeded  what 
I might  otherwife  have  thought  of  doing  in  the 
fame  way. 

It  appears  from  thefe  experiments,  that  air  com- 
bined with  water  is  liable  to  be  phlogifticated  by 
refpiratlon,  and  to  be  dephlogifticated  by  vegeta- 
tion, as  much  as  air  in  an  elaftic  ftate,  out  of  water. 
For  fiihes,  as  I fhall  obferve,  foul  the  air  contained 
in  the  water  in  which  they  are  confined,  and  water 
plants  now  appear  to  purify  it.  T his  is,  no  doubt, 
one  of  the  great  ufes  of  weeds,  and  other  aquatic 
plants,  with  which  frefh  water  lakes,  and  even  Teas 
abound,  as  well  as  their  ferving  for  food  to  a great 
number  of  fifhes. 

The  experiments  recited  in  this  fediion  may  help, 
us  to  explain  why  water,  after  ifiuing  from  the 
earth,  and  employed  in  floating  meadow  land,  be- 
comes in  time  exhaufled  of  its  power  of  fertilizing 
them.  When  it  iffues  from  the  earth,  it  contains 
airof  an  impure  kindj  that  is,  air  loaded  with  phlo- 
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gifton.  This  principle  the  roots  of  the  grafs  ex- 
trad  from  it ; fo  that  it  is  then  replete  with  dephlo- 
gifticated  air,  and  confequently  the  plants  it  after- 
wards comes  into  contad  with,  find  nothing  in  it 
to  feed  upon. — I believe  it  is  commonly  imagined, 
that  the  water  depofits  fomething  in  its  couiTe  upon 
the  earth  of  its  bed,  and  by  that  means  becomes 
effete,  and  incapable  of  nourifhing  plants. 

I therefore  defired  Mr.  Young,  to  whom  this 
country  owes  To  much  for  the  'attention  that  he  has 
given  to,  the  bufinefs  of  agriculture,  to  fend  me  a 
quantity  of  fuch  water  as  had  been  found  to  be 
moll  ufeful  in  fertilizing  meadows.  He  was  fo  - 
obliging' as  to  fend  me  two  bottles  of  fuch  water; 
and  as  foon  as  1 received  them  I expelled  from 
them  the  air  they  Contained,  and  found  that  which 
was  in  one  of  them,  fufficiently  impure,  the  fbandard 
of  it  being  1.4;;  but,  that  in  the  other,  was  fuch  as 
is  ufually^  contained  in  water  that  has  been  long 
cxpofed  to^the  atrnofphere,  being  of  the  ftandard 
of  i.o;  fo  that  I imagined  it  had  not' been  fuffici- 
cntly  well  corked.  After  the  water  in'  the  other 
bottle  had  been  expofed  a few  days  to  the  open 
air,  the  air  contained  in  it  was  of  the  fame  quality. 
Upon  the  whole,  I think  that  the  experiment  was 
fufEciently  favourable  to  the  hypothefis,  but  more 
ought  to  be  made,  and  if  poffible,  on  the  fpot. 
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Farther  Ohjervations  on  the  green  vegetable  Matter 
with  which  many  of  the  preceding  Experiments  were 
made, 

I Very  much  doubt  whether  the  green  matter^ 
which  was  the  fubjedt  of  the  preceding  ex- 
periments, has  esrer  been  properly  noticed  by 
botanifts.  The  conferva  fontinalisy  as  it  is  defcribed 
by  Dr.  Withering,  in  his  moft  ufeful  fyftem  of 
botany,  though  faid  to  have  threads  extremely  fhorty 
is  only  faid  to  have  them  " fometimes  not  more 
than  half  an  inch  in  length,**  and  it  is  alfo  faid  to 
be  of  a brownijh  green.  Whereas  this  whole  plant 
cannot  be  one  tenth  of  an  inch  in  length,  and  it  is 
of  a beautiful  lively  green.  It  will  be  thought, 
however,  I imagine,  to  come  moft  properly  under 
the  denomination  of  the  conferva  j but  this  not  be- 
ing within  my  province,  I fhalLnot  prefume  to  give 
it  any  particular  appellation,  though  I might  be 
inclined  to  call  it  the  water  mofs,  I lhall  therefore 
continue  to  call  it,  in  general,  the  gnen  mattery  or 
'the  green  vegetable  fubftance.  Whether  this  plant 
has  ever  got  a name  in  fyftems  of  botany,  or  not. 
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its  natural  hiftory  is  certainly  unknown ; and  there^ 
fore,  in  this  and  the  following  fe6lion,  I fliall  give 
fuch  an  account  of  its  mode  of  growth,  and  other 
particulars  relating  to  it,  as  have  happened  to  fall 
under  my  obfervation*. 

In  general  the  feeds  of  this  plant  (for  I prefume 
that,  like  other  plants,  this  alfo  muft  have  feeds) 
float  invifibly  in  the  air,  and  are  capable  of  pro- 
ducing plants  in  all  feafons  of  the  year,  whenever 
they  meet  with  water,  elpecially  if  it  be  impreg- 
nated with  not  too  great  a proportion  of  vegetable 
or  animal  fubftance,  in  a ftate  of  putrefa6tion  ^ and 
if  it  does  not  adtually  freeze,  the  plants  never  fail 
to  appear  in  their  vigour,  fo  as  to  be  capable  of 
producing  air,  in  the  fpace  of  a few  days.  But 
though  the  richeft  pabulum  for  this  plant  is  the 

* Dr.  Ingenhoufz’s  idea  of  the  origin  of  this  vegetable  matter, 
as  he  himfelf  allows  it  to  be,  is  rather  extraordinary,  confidering 
how  long  the  dodrine  of  equivocal,  or  fpontaneous  generation,  has 
been  Exploded.  He  fays,  p.  90,  The  water  itfelf,  or  fome  fub- 
‘‘  fiance  in  the  water,  is,  as  I think,  changed  into  this  vegetation, 
“ and  undergoes,  by  the  influence  of  the  fun  fhining  upon  it,  in 
“ this  very  fubftance,  or  kind  of  plants,  fuch  a metamorpholis,  as 
to  become  what  we  now  call  dephlogifticated  air. — ^This  real 
“ tranfmutation,  though  wonderful  in  the  eye  of  a philofopher,  yet 
“ is  no  more  extraordinary  than  the  change  of  grafs  and  other 
vegetables  into  fat,  in  the  body  of  a graminivorous  animal,  and 
“ the  produAion  of  oil  from  the  watery  juice  of  an  olive  tree.’^ 
But  the  change  oivoatermio  an  organized  plant,  is  a thing  of  a very 
different  nature  from  thefe. 
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putrefcent  parts  of  animal  and  vegetable  fubftances, 
fome  of  thena  are  unfavourable  to  it,  and  prevent 
its  growth. 

The  feeds  of  this  plant  infmuate  themfelves  into 
veffels  of  v/ater  through  the  fmalleft  apertures,  and 
then  difrufe  themfelves- through  the  whole  mafs  of 
it  5 fo  that  when  the  largeft  jars  are  filled  with 
water,  and  placed  inverted  in  bafons  of  the  fame, 
and  confequently  the  feeds  mull  enter  between  the 
bafons  and  the  bottoms  of  the  jars,  the  plants  will 
firft  appear  at  the  very  top  of  the  jar,  if  the  belt 
pabulum  for  it  be  lodged  there.  It  will  likewife 
appear  from  the  following  experiments,  that,  though 
the  tendency  to  produce  pure  air  is  favoured  by  a 
certain  quantity  of  putrefa^ive  matter  in  the  water 
in  which  thefe  plants  are  found,  the  quantity  may 
be  fo  great,  as  to  counterad;  the  operation  of  the 
plant,  and  phlogifticate,  and  diminifh,  the  air  as  fall 
as  it  is  produced. 

, As  I ihall  generally  defcribe  the  whole  of  every 
procefs,  juft  as  I noted  the  appearances  at  the  time, 
the  neceftary  influence  of  in  the  produdion  of 
dephlogifticated  air,  as  w'ell  as  other  circumftances 
already  preyed  by  the  experiments  recited  above, 
will  occafionaily  receive  additional  confirmation. 

I have"  found  a flower  and  a lefs  produce  of  air 
from  rain  water  than  from  pump  water  j owing,  I 
fuppole,  to  the  rain  water  containing  lefs  air  to 
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operate  upon,  and  generally  alfo  in  a purer  ftate 
than  that  which  is  contained  in  pump  water. 

On  the  8th  of  June,  I placed,  in  the  open  air,  a 
large  jar  of  rain  water,  inverted  in  a bafon  of  the 
fame  i but  no  green  matter  appeared  in  it  before 
the  2 2d  of  the  month.  On  the  24th  of  July,  find- 
ing no  more  air  produced,  I examined  it,  and  found 
the  quantity  to  be  two  ounce  meafures  and  a half : 
and  with  two  equal  quantities  of  nitrous  air,  the 
meafures  of  the  tell  were  1.24.  This  rain  water, 
which  was  received  in  a large  tub  from  the  roof  of 
a houfe,  yielding  fo  little  air  of  itfelf,  I generally 
made  ufe  of  it  when  I tried  the  effed  of  different 
impregnations  of  v/ater. 

The  green  matter,  and  confequently  the  produc- 
tion of  air,  alfo  generally  appeared  very  late  in 
diftilled  water,  which  is  a confirmation  of  the  > 
hypothefis  mentioned  above.  For  water  after  dif- 
tillation  mufl  have  time  to  imbibe  air  from  the 
common  atmofphere  for  this  plant  to  operate  upon, 
before  any  air  can  be  produced  from  it.  On  this 
account,  1 have  always  found  that  this  effe6l  has 
been  foonefl  produced  in  the  fmalieft  veffels.  Hav- 
ing, on  the  20th  of  Augufl,  expofed  to  the  air  a 
jar  nine  inches  deep,  and  another  of  four  inches, 
not  inverted  in  bafons,  but  fimply  filled  with  dif- 
tilled  water,  the  latter  was  covered  with  green  mat- 
ter on  the  6th  of  September , whereas  it  did  not 
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appear  in  the  taller  veflel  till  a conliderable  time 
afterwards. 

In  one  experiment  (from  which,  however,  I 
would  not  draw  any  certain  conclufion)  diftilled 
water  was  more  favourable  to  the  produdion  of 
this  green  matter  than  rain  water,  which,  being  col- 
ledted  from  the  roof  of  a houfe,  might  contain  fome 
peculiar  impregnation  unfavourable  to  vegetation. 

I put  four  pennyweights  of  boiled  mutton  into 
the  belly  of  a retort,  containing  about  a pint,  filled 
with  diftilled  water,  and  an  equal  quantity  of  the 
fame  mutton  I put  into  a retort  of  the  fame  ftze, 
filled  with  rain  water;  and  obferving  them  nine 
days  afterwards,  I found  the  latter  of  a reddifh  hue, 
with  very  little  air,  whereas  the  former  was  all 
green,  and  in  a ftate  of  yielding  air  very  copioufly. 
The  mouth  of  this  retort  was  immerfed  in  a veflel 
of  water  feven  inches  deep,  and  was  alfo  c-lofed 
with  a cork,  which  had  a very  fmall  perforation  in 
it,  in  order  to  cut  off,  as  much  as  poflible,  all  com- 
munication with  the  external  air.  Perhaps  the  feeds 
of  this  plant  might  have  been  in  this  water  previous 
to  its  expofure,  though  it  had  been  diftilled  not 
long  before  the  experiment. 

I found  this  green  matter  in  a ftate  of  giving  air 
in  water,  which  had  formerly  been  impregnated 
with  fixed  air  and  iron.  The  fixed  air,  however, 
Ijeing  gone,  and  the  iron  precipitated,  nothing  but 
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Ample  water  was  left.  But  I likewife  found  this, 
plant  in  water  impregnated  both  with  common  fait, 
and  with  Jaltpetre,  which  impregnations  water  will 
not  part  with  in  the  open  air. 

The  water  was  impregnated  with  common  fait, 
fo  as  to  malce  it  about  the  fame  degree  of  faltnefs 
with  that  of  fea  water,  and  it  was  expofed  in  a tube 
^n  inch  in  diameter,  and  three  feet  long,  inverted 
in  a pot  of  the  fame  water.  All  the  infide  of  the 
tube  was  in  time  nearly  covered  with  fmall  green 
knobs,  almoft  contiguous  to  each  other,  and  not 
with  fuch  an  uniforrn  poating  as  is  generally  found 
in  common  water.  The  air  was  very  pure.  De- 
phlogifticated  air  was  alfo  procured  at  the  fame 
time  in  a fimilar  tube,  filled  in  the  fame  manner, 
with  water  impregnated  with  an  equal  quantity  of 
nitre.  But  the  air  in  this  appeared  not  to  be  quite 
fo  pure  as  that  in  the  water  impregnated  with  com- 
mon fait. 

Having  impregnated  a quantity  of  water  very 
ftrongly  with  fixed  air,  I placed  it  in  an  inverted 
phial,  and  obferyed  that  no  green  matter  appeared 
in  it  of  a long  time;  but  when  the  fixed  air  might 
be  fuppofed  to  have  made  its  efcape,  the  green 
matter  appeared ; and  the  air,  when  examined,  was 
found  to  be  of  the  pureft  kind,  without  the  leaft 
rnixture  of  fixed  iair  in  it.  With  twp  equal  quan- 
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titles  of  nitrous  air,  the  meafures  of  the  teft  were 

0.5. 

In  order  to  obferve  on  what  part  of  a veffel  of 
water  the  feeds  of  this  plant  would  firft  fall,  and  in 
what  manner  they  would  then  propagate  themfelves, 
1 placed  in  the  fun  a glafs  tube  one  inch  wide  and 
three  feet  long,  in  an  inclined  pofition,  but  with  its 
mouth  upwards,  filled  with  diftilled  water.  The 
green  matter  firft  appeared,  in  fmall  fpecks,  about 
two  inches  below  the  furface  of  the  water,  on  the 
fide  to  which  it  was  inclined,  then  on  the  fame  fide 
near  the  middle  of  the  tube,  and  laftly  all  the  bot- 
tom was  covered  with  it.  On  the  whole,  the 
tube  prefented  the  appearance  of  the  feeds  hav- 
ing been  let  fall  into  it  perpendicularly,  and  palling 
through  the  water  to  have  fixed  themfelves  where 
they . happened  to  impinge.  Had  the  tube  been 
placed  perpendicularly,  the  green  matter  would,  I 
fuppofe,  have  appeared  firft  at  the  bottom  of  it,  as 
indeed  I have  generally  found  to  be  the  cafe,  and 
would  have  extended  itfelf  from  thence  to  the  fides 
of  the  tube. 
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SECTION  IX. 

Of  the  Produllion  of  Green  Mattery  and  of  pure  Air^ 
by  Means  of  various  Vegetable  Subjlances  in  JVater. 

Having  very  foon  obferved  that  this  green 
vegetable  matter,  or  water  mofsy  was  planted 
and  propagated  with  more  eafe,  and  produced  air 
more  copioufly,  in  fome  circumftances  than  in 
others,  and  that'  various  fubftances,  animal  and  ve- 
getable, were  favourable  to  it,  and  others  of  both 
kinds  unfavourable,  I tried  a great  variety  of  them, 
and  lhall  recite  fuch  of  the  particulars  as  appear  in 
any  meafure  remarkable,  and  fuch  as  may  furnifh 
hints  for  the  farther  inveftigation  of  what  relates  to 
this  fubje6b. 

The  moft  remarkable  circumftances  attending 
thefe  experiments  was,  that  fome  fubftances,  con- 
cerning which  I could  have  had  no  fuch  expedtation 
a priori,  inftead  of  admitting  the  growth  of  this 
plant,  when  they  began  to  putrify,  and  diftblve, 
which  was  the  cafe  with  moft  vegetable  and  animal 
fubftances,  yielded  from  themfelves  a very  great 
quantity  of  inflammable  air  j and  it  made  no  differ- 
ence 
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ence  whether  they  were  placed  in  the  fun  or  in  the 
lhade.  Whereas  other  fubftances,  which,  if  they 
had  been  confined  by  quickfilver,  would  have  yield- 
ed, by  putrefadion,  inflammable  air  alfo,  together 
with  a portion  of  fixed  air,  only  fupplied  the  proper 
pabulum  for  this  green  matter,  and  the  whole  pro- 
duce was  pure  dephlogifticated  air ; the  phlogifton, 
which  in  other  circumftanees  would  have  been  con- 
verted into  inflammable  air,  now  going  to  the  nou- 
rifliment  of  this  plant,  which  by  the  influence  of 
light  yields  fuch  pure  air. 

I fhall,  in  the  firft  place,  give  an  account  of  the 
experiments  I made  with  the  leaves  of  plants,  and 
then  with  fome  other  parts  of  them,  confining  my- 
felf  chiefly  to  fuch  as  are  commonly  ufed  for  food  j 
having  in  that  choice  a view  to  the  principle  of  nu- 
trition^ befides  that  fuch  fubftances  were  moft  at 
hand. 

On  the  1 8th  of  June,  I put  eighteen  penny  weights 
of  green  cabbage  into  a large  jar  of  rain  water.  On 
^he  28  th  the  water  began  to  be  a litde  turbid,  and 
the  velfel  contained  three  ounce  meafures  of  air,  no 
part  of  which  was  fixed  air 5 apd,  with  two  equal 
quantities  of  nitrous  ajr,  the  meafures  of  the  teft 
were  1.44.  Having  changed  the  water,  and  left 
the  cabbage  in  the  fame  vefiel,  on  the  i8th  of  July 
there  was  in  it  fix  ounce  meafures  of  air,  which  was 
increafing  very  rapidly,  all  the  water  being  very 
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green  ; but  after  the  19th,  little  more  air  was  pro- 
duced. At  this  time  I colleded  ten  ounce  mea- 
fures,  no  part  of  which  was  fixed  air,  and  with  two 
equal  quantities  of  nitrous  air,  the  meafures  of  the 
teft  were  0.67.  The  cabbage  was  then  foft,  but 
not  offenfive. 

Replacing  the  fame  cabbage  in  frefli  water,  on 
the  27th  of  July  feveral  ounce  meafures  of  air  were 
produced,  and  on  the  a 9th  I took  from  it  eight 
ounce  meafures,  the  production  of  air  having  ceafed 
a day  or  two  before.  This  air  was  quite  as  pure 
as  the  lafl: ; for  the  meafures  of  the  teft  were  0.6, 
and  the  cabbage  was  ftill  foft,  but  not  in  the  leaft 
ofFenfive.  The  reafon  ofthis,  I imagine,  was,  that 
the  phlogifton,  which  would  have  conftituted  the 
offenfive  fmeli  of  the  cabbage  (and  no  putrid  vege- 
table fubftance  is  more  offenfive)  was,  in  this  cafe, 
imbibed  by  this  water  mojs^  as  faft  as  it  was  produced 
by  the  procefs  of  putrefaction  ; and  the  velTel  being 
large,  there  was  no  fuperabundant  phlogifton  to 
contaminate  the  air. 

In  order  to  try  what  effeCt  a larger  quantity  of 
cabbage  in  proportion  to  the  fize  of  the  jar  would 
have,  and  alfo  what  would  be  the  difference  of  its 
putrefying  in  the  dark^  I made  the  following  expe- 
riment. 

On  the  19th  of  July  I put  two  ounce  meafures 
and  a half  of  cabbage  into  a fmall  veffel  of  water 
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in  the  fun,  and  in  a fimilar  veflel  an  equal  quantity 
of  the  fame  cabbage  in  a dark  room.  On  the  25  th 
the  water  of  the  velTel  in  the  fun  had  a whitilh  ap- 
pearance, and  about  an  ounce  meafure  of  air  was 
produced  ; but  at  the  fame  time  there  was  a much 
larger  quantity  of  air  produced  from  the  cabbage 
in  the  dark,  the  water  being  turbid  alfo.  The  day 
following  I examined  the  air  from  the  dark  room, 
and  found  it  to  be  fixteen  ounce  meafures,  one 
third  fixed  air,  and  the  reft  ftrongly  inflammable. 
The  cabbage  was  putrid  and  highly  ofienfive.  That 
in  the  fun  had  yielded  an  ounce  meafure  and  a half 
of  air,  a very  fmall  proportion  of  which,  perhaps 
one  twentieth,  was  fixed  air,  and  the  reft  flightly 
inflammable,  the  cabbage  ofFenfive. 

This  experiment  Ihews  that  without  light  in- 
flammable air  is  produced  by  the  putrefadion  of 
vegetable  fubftances,  and  accounts  for  the  produc- 
tion of  this  kind  of  air  in  marfhes.  The  reafon 
why  the  cabbage  in  the  fun  alfo  produced  inflam- 
mable air  (though  it  was  not  in  fo  great  a quantity 
as  from  the  cabbage  in  the  dark)  was  that  the  mals 
of  it  was  too  great  for  the  capacity  of  the  veflel. 
There  had  alfo  been  very  little  funfhine,  the  wea- 
ther having  been  rainy,  or  cloudy. 

On  the  28  th  of  June  I put  fourteen  pennyweights 
of  lettuce  into  a jar  containing  twenty  ounce  mea- 
fures of  rain  water.  On  the  third  of  July  it  became 
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turbid,  and  two  ounce  meafures  of  aif  were  pro- 
duced, the  flighted;  proportion  of  which  was  fixed 
air,  and  the  reft  flrongly  inflammable.  The  let- 
tuce had  a very  ofFenfive  fmell.  In  this  cafe,  as  in 
the  former,  the  quantity  of  lettuce,  as  I imagined, 
was  too  great  for  the  produ6tion  of  pure  air. 

A branch  of  garden  /purge  put  into  a jar  of  rain 
water,  the  28  th  of  June,  had  yielded  but  a few 
bubbles  of  air  on  the  17  th  of  July,  neither  fixed  air 
nor  inflammable,  but  of  the  flandard  of  common 
air.  1 then  replaced  the  fpurge  in  a quantity  of 
frefli  water,  and  on  the  27  th  of  July  I took  from 
it  an  ounce  meafure  and  an  half  of  air,  fo  pure  that, 
with  two  equal  quantities  of  nitrous  air,  the  mea- 
fures of  the  tell  were  0.66  j and  it  would  probably 
have  yielded  more  air.  At  the  time  of  the  firfl;  ob- 
fervation  I imagined  the  plant  was  not  fufficiently 
putrid.  ' 

The  green  vegetable  matter  upon  this  plant  was 
of  a peculiar  fpecies,  quite  different  from  any  thing 
that  I had  ever  obferved  before,  or  have  feen  fince. 
One  of  the  berries  of  the  fpurge  was  quite  covered 
with  it,  and  exhibited  the  appearance  of  fuch  a figure 
as  is  generally  drawn  to  reprefent  the  atmofphere  of 
a comet.  It  confifted  of  filaments  as  fine  as  a hair, 
each  of  them  about  half  an  inch  in  length,  riling 
perpendicularly  from  the  furface  of  the  berry.  This 
was  probably  the  proper  conferva  fontinalis, 
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The  next  experiment  exhibits  very  clearly  the 
difference  between  the  effedl  of  lighty  and  no  lighty 
with  refped  to  the  obje6i:  of  this  inquiry.  On  the 
30th  of  July  I placed  half  a cucumber y weighing 
fifteen  pennyweights,  in  a veflel  containing  feventy 
ounce  meafures  of  water,  in  the  fun  s and  on  the 
i4th  of  Auguft  I took  from  it  one  ounce  meafure 
of  air,  fo  pure  that,  with  two  equal  quantities  of 
nitrous  air,  the  meafures  of  the  teft  were  i.o,  not 
in  the  lead:  inflammable,  and  without  any  mixture 
of  fixed  air.  The  cucumber  was  quite  covered 
with  the  green  vegetable  matter,  and  had  no  bad 
fmell. 

At  the  fame  time  the  other  half  of  the  fame  cu- 
cumber, which  had  been  kept  in  a vef&l  of  the  fame 
fize  in  the  darky  had  yielded  one  third  of  an  ounce 
meafure  of  air,  all  of  which  was  phlogifticated,  and 
the  cucumber  was  very  offenfive.  In  this  cafe  I 
doubt  not  that  the  air  in  its  rtafcent  ftate,  as  it 
may  be  called,  was  inflammable  air,  but  had  been 
changed  into  phlogifticated  air,  as  inflammable  air 
is  apt  to  be  ; in  which  cafe  the  quantity  is  al- 
ways greatly  diminiftied.  Of  this  I fhall  produce 
feveral  inftances  in  the  courfe  of  this  volume. 

The  only  flowers  I made  trial  of  were  white  Mies. 
Of  thefe,  on  the  28th  of  June,  I put  three  penny- 
weights into  ajar  containing  about  forty  ounce  mea- 
fures  of  rain  water  ^ and  at  one  time  during  the  pro- 
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cefs  they  feemed  to  have  yielded  about  an  ounce 
meafure  of  air;  but  on  the  17  th  of  July  the  quan- 
tity was  manifeftly  diminifhed,  and  when  examined 
it  appeared  to  be  without  any  mixture  of  fixed  air, 
and  very  nearly  phlogifticated,  the  meafures  of  the 
tefl  being  1.7.  The  lillies  had  no  bad  fmell.  I 
doubt  not  but  the  phlogifton,  which  is  always  ex- 
haled in  great  quantities  from  flowers,  had  contri- 
buted to  diminifli,  and  phlogiflicate,  the  better  air 
that  had  been  firfl:  produced,  though  there  had  been 
but  little  or  no  appearance  of  green  matter  in  this 
veflTel. 

Potatoes  I found  to  afford  an  excellent  pabulum 
for  this  vegetable  matter,  and  confequently  to  be 
exceedingly  favourable  to  the  produdtion  of  pure  air, 
but  feemingly  not  at  all  when  they  are  boiled. 

On  the  24th  of  July,  a potatoe,  weighing  two 
ounces,  two  pennyweights,  twelve  grains,  cut  into 
thin  flices,  was  put  into  a jar  containing  a hundred 
^nd  fifteen  ounces  of  rain  water,  and  placed  in  the 
fun.  In  a day  or  two  the  water  became  turbid,  and 
air  began  to  be  emitted,  the  potatoe  being  quite  co- 
vered with  the  green  matter;  and  on  the  aStli  all 
the  water  in  the  veffel  was  fo  full  of  green  matter 
floating  in  it,  that  nothing  could  be  feen  in  the  in- 
fide  of  k.  At  the  fame  time  a low  jar,  containing 
about  fix  ounces  of  water,  with  a fmall  potatoe,  not 
fliced,  had  nearly  the  fame  appearance. 

Afterwards, 
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Afterwards;  on  the  3d  of  July,  I put  fome  flices 
of  potatoe  into  a tall  jar  containing  fix  ounce  mea- 
fures  of  water  frefh  diftilled,  having  a communica- 
tion with  the  water  in  the  bafon  in  which  it  was  in- 
verted by  a glafs  tube,  with  a very  fine  orifice  in  the 
cork  with  which  the  jar  was  clofed-  About  the 
acth  of  Auguft  I obferved  thefe  flices  of  potatoe  to 
be  a little  green,  and  on  the  24th  they  were  wholly 
fo,  the  green  matter  firfl  appearing  in  the  bafon  in 
which  the  jar  flood,  which  was  fupplied  from  time 
to  time  with  rain  water. 

In  order  to  try  what  quantity  of  air*  I could  pro- 
cure by  means  of  thefe  potatoes,  which  appeared  to 
be  fo  well  adapted  to  the  purpofe,  I put  three  of 
them,  each  about  the  bignefs  of  a fmall  walnut, 
into  a veffel  containing  thirty  five  ounces  of  rain 
water.  They  yielded  five  ounce  meafures  of  air, 
fo  pure  that,  with  two  equal  quantities  of  nitrous 
air,  the  meafures  of  the  tefl  were  0.54.  The  pota- 
mes  were  quite  foft,  but  could  not  be  faid  to  be  of- 
fenfive.  Again,  from  a fliced  potatoe  weighing  two 
ounces,  two  pennyweights,  twelve  grains,  expofed 
to  thp  fun  from  the  24th  of  July,  in  a jar  contain- 
ing 1 15  ounces  of  rain  water,  I took,  on  the  6th 
of  Auguft,  ten  ounce  meafures  of  air,  the  meafures 
of  the  teft,  with  two  equal  quantities  of  nitrous 
air,  being  0.58,  the  potatoes  quite  foft  as  thofe 
above. 
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Laftly,  from  fifteen  pennyweights  of  boiled 
toes 3 which  had  been  expofed  in  the  fun  a long 
time,  in  a fmall  receiver,  1 took  about  half  an 
ounce  meafure  of  air,  a fmall  proportion  of  v/hich 
was  fixed  aitj  and  the  reft  phlogifticated  air.  This 
potatoe  was  never  green.  What  would  have  beerl 
the  refult  if  the  quantity  of  w^ter  had  been  greater,^ 
I cannot  telL 

From  three  flices  of  turnip,  expofed  to  the  fun  in 
a vefTel  containing  ninety  ounces  of  water,  1 took 
nine  ounce  meafures  of  air,  fo  pure  that,  with  two 
equal  quantities  of  nitrous  air,  the  meafures  of  the 
teft  were  0.75. 

Nothing  I ever  tried  was,  in  general,  more  un- 
Favoiirable  to  the  produdion  of  pure  air  than  onionsi 
it  was  only  by  ufing  a very  fmall  quantity  of  them^ 
and  by  expofing  them  to  the  fun  in  a very  large 
quantity  of  water,  that  I fucceeded  to  make  it  ad- 
mit the  ^reen  matter.  At  length,  however^  front 
five  pennyweights  and  a half  of  onion,  expofed  to 
the  fun  in  a jar  containing  200  ounces  of  watery 
from  the  6th  of  Auguft  to  the  31ft,  I got  fix  ounce 
meafures  of  air,  not  in  the  ieaft  inflammable,  and  fo 
pure  that,  with  two  equal  quantities  of  nitrous  air^ 
the  meafures  of  the  teft  were  1.2.  At  the  fame 
time  I had  expofed  thirteen  pennyv^’eights^  twenty 
three  grains  of  the  fame  onions  in  a jar  containing 
three  ounces  and  a half  of  watery  and  on  the  9th  of 
Vot.  HI;  Y Odober 
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Odobcr  following  I took  of  it  a little  more  than 
half  an  ounce  meafure  of  air,  all  of  which  was 
phlogifticated.  It  extinguilhed  a candle,  and  was 
not  at  all  affected  by  nitrous  air.  There  had  been 
twice  as  much  air  in  the  veffel  a month  or  fix  weeks 
before,  and  then  it  was  probably  inflammable. 


SECTION  X. 

Of  the  ProduBion  of  Air  hy  Meant  of  the  Green  Mat- 
ter from  Animal  Subjiances, 

Animal  fubftances  were  not,  upon  the 
whole,  more  favourable  to  the  growth  'of  this 
green  vegetable  matter,  and  the  production  of  pure 
air  from  it,  than  vegetables  j and  different  kinds  of 
animal  fubftances  exhibited  as  great  differences  in 
this  refpeCt. 

One  of  the  firft  and  moft  remarkable  appearances 
that  I had  of  this  kind  occurred  in  fome  experiments 
that  I was  making  with  fijhes.  It  ftiews  how  readily 
the  feeds  of  this  aquatic  vegetable  find  their  proper 

pabulum. 
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pabulum,  notwithftanding  a great  mafs  of  water  be 
in  their  way  to  it. 

On  the  13  th  of  June  I put  three  very  fmall  fifhes 
into  a jar  containing  200  ounces  of  rain  water,  in- 
verted in  a bafon  of  the  fame,  when  there  was  pre- 
fently  a thin  filmy  fubftance  peeled  off  from  all  the 
furface  of  the  fifhes.  After  this  a red  matter,  I 
fuppofe  diflblved  blood,  iffued  from  them,  and  was 
diffufed  through  the  whole  mafs  of  water,  making 
it  very  turbid.  About  the  23d  of  June  the  red 
matter  became,  as  it  were,  green,  the  green  vege- 
table fubftance  adhering  to  it ; and  on  the  26th  the 
whole  mafs  of  water  was  exceedingly  green,  and 
quite  opake  ; but  the  denfeft  part  of  the  green  mat- 
ter adhered  to  the  fifhes  themfelves,  which  always 
fwam  on  the  top  of  the  jar.  I did  not  examine 
this  air  till  the  15  th  of  July,  when  I found  four 
ounce  meafures  of  it,  and  tolerably  pure,  but  not 
fo  much  fo,  I am  perfuaded,  as  I fhould  have 
found  it  fome  time  before.  With  two  equal  quan- 
tities of  nitrous  air,  the  meafures  of  the  teft  were 
1. 24* 

A quantity  of  heef  expofed  to  the  fun  In  a veftel 
of  water  foon  became  green,  and  yielded  air ; but 
prefently  the  green  matter,  which  had  been  diffufed 
through  the  whole  mafs  of  water,  became  yellow, 
or  white  3 and  from  that  time  no  more  air  was  pro- 
duced. The  flefh  was  putrid  and  offenfive.  The 
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green  vegetable,  I doubt  not,  was  quite  dead, 
through  the  extreme  putridity  of  the  flefh,  and  the 
foulnefs  of  the  water,  which  it  had  not  been  able. to 
purify. 

To  try  the  difference  between  the  effeffs  of 
light  and  darknejs  with  an  animal  fubftance,  as  I had 
done  before  with  vegetables,  on  the  17th  of  July, 
I put  eight  pennyweights,  ten  grains,  of  roafted 
beef  into  a veffel  containing  about  thirty  ounces  of 
water,  and  placed  it  in  the  fun,  and  an  equal  re- 
ceiver, with  an  equal  quantity  of  the  fame  beef  in  a 
dark  room.  On  the  twentieth  I perceived  no  ap- 
pearance that  ftruck  me,  but  on  the  21  ft  in  the 
evening,  I found  the  flefti  in  the  fun  quite  green, 
and  two  or  three  ounce  meafures  of  air  were  gene- 
rated ; but  the  water  in  the  dark  room  continued 
quite  tranfparent,  and  in  every  refped  that  I could 
perceive,  unchanged* 

On  the  26th  the  green  colour  of  the  fiefti  and  of 
the  water  in  the  fun  began  to  difappear,  and  the 
veffel  had  a cloudy  appearance.  Soon  after  I exa- 
mined the  air,  and  found  eight  ounce  meafures, 
very  pure,  the  flefti  foft  and  putrid,  but  ftill  greeii 
on  its  upper  furface.  The  jar,  which  had  been 
placed  in  the  dark  never  had  any  air,  nor  was  any 
produced  from  it  afterwards,  when  it  was  removed 
into  the  fun. 
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On  the  17th  of  Auguft  1 expofed  in  the  fun,  in 
a large  retort  of  rain  water,  three  pennyv-^eights,  fix 
o-rains  of  roafted  beef,  the  neck  of  the  retort  being, 
plunged  in  water  nine  inches  deep  in  a jar  that  near^- 
]y  fitted  it,  and  moreover  clofed  with  a cork,  in 
which  was  a very  fmall  perforation,  fo  as  to  give 
it  as  little  communication  with  the  external  air  as 
pofiible. 

On  the  9th  of  September  I took  from  it  two 
thirds  of  an  ounce  meafure  of  air,  all  inflammable. 
The  flefh  had  never  turned  green.  During  the 
fame  time  I had  expofed  eight  pennyweights,  fix 
grains,  of  the  fame  beef  in  a jar  containing  two 
hundred  ounces  of  pump  water,  which  had  turned 
green,  and  yielded  dephlogifticated  air.  In  the  for- 
mer cafe  the  beef  was  more  in  proportion  to  the 
quantity  of  water,  and  had  alfo  a very  obflrudled 
communication  with  the  external  air,  from  which 
alone  the  feeds  of  this  green  vegetable  could  come. 

This  procefs  with  a fmall  quantity  of  veal  was 
very  remarkable,  as  this  fubflance  continued  to  be 
green,  and  give  air,  till  every  thing  in  it  that  could 
be  ofFenfive  was  quite  exhaufted. 

On  the  28  th  of  June  I put  fourteen  pennyweights 
of  boiled  veal  into  a large  jar  of  rain  water,  and  on 
the  third  of  July  both  the  upper  part  of  the  veal, 
and  all  the  water,  was  quite  green.  On  the  fourth 
of  July  I took  out  half  of  the  veal,  and  examining 
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the  air,  I found  it  to  be  nine  ounce  meafures,  no 
part  fixed  air,  and  fo  pure  that,  with  two  equal 
quantities  of  nitrous  air,  the  nneafures  of  the  teft 
were  0.82.  The  water  was  ftill  very  green. 

Part  of  this  veal,  which  was  then  quite  foft,  I 
replaced  in  ajar  of  frefh  water,  putting  the  remain- 
der of  it  into  a fmall  jar.  This  never  gave  any  air 
at  all.  But  on  the  1 8 th  day  of  July,  the  water  in 
the  large  jar  was  all  very  green,  and  in  two  days 
yielded  five  or  fix  ounce  meafures  of  air.  A little 
time  after  1 examined  it,  and  found  twelve  ounce 
meafures,  fo  pure  that,  with  two  equal  quantities 
of  nitrous  air,  the  meafures  of  the  tell  were  0.57. 
The  flefh  had  no  coherence,  and  flill  was  offenfive ; 
but  on  the  29th  of  July  I took  from  it  four  ounces 
of  air  equally  pure  with  the  former,  and  on  the  fix- 
teenth  of  Auguft  half  an  ounce  more,  and  then  the 
jar  had  nothing  offenfive  in  it. 

The  procefs  with  a roafted  tendon  of  a calPs  neck 
went  on  juft  as  the  above,  with  this  difference,  which 
I thought  to  be  a little  remarkable,  that  all  the 
water  was  of  a reddifh  hue  before  it  became  green, 
though  there  was  no  blood,  or  any  thing  red,  in  or 
about  the  tendon.  The  air  which  it  yielded  after- 
wards was  very  pure. 

Perhaps  the  moft  fatisfaftory  experiments  that 
can  be  made  with  refpedl  to  the  produdion  of  pure 
air,  by  means  of  this  green  vegetable  fubftance,  the 
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pabulum  that  putrefadion  affords  it,  the  effe6l  of 
light  upon  it,  and  again  the  influence  of  putrefadion 
to  deflroy  that  air,  were  fome  that  I made  with  a 
moufe^  which  I always  found  mofl  effedlual  for  any 
purpofe  in  which  putrefadlion  was  required,  far 
more  fo  than  pieces  of  folid  meat  of  any  kind. 

On  the  2ifl:  of  June  I put  a dead  moufe  into  a 
jar  containing  two  hundred  ounces  of  water,  in- 
verted in  a bafon  of  the  fame,  which  I . placed  in 
the  fun.  At  the  fame  time  I put  ^another  moufe 
into  a jar  of  the  fame  fize,  filled  with  the  fame  wa- 
ter, and  placed  it  in  the  dark.  In  this  veflel  the 
water  was  never  difcoloured,  and  very  little  air  was 
produced  1 whereas  from  the  moufe  in  the  fun,  there 
prefently  iflued  a quantity  of  white  mucous  flib- 
flance,  which  foon  turned  to  an  intenfe  green,  and 
yielded  air  mofl:  copioufly.  After  fome  time  the 
whole  jar  was  full  of  this  thick  green  matter,  and 
air  rofe  from  every  part  of  it ; but  it  was  deftroy- 
cd  as  foon  as  it  approached  the  upper  part  of  the 
jar,  where  the  dead  moufe  floated,  owing  no 
doubt  to  the  phlogiftic  matter  which  iffued  from  it. 

In  order  to  verify  this,  I threw  out  the  moufe, 
and  dividing  the  turbid  green  water  into  two  parts, 
I put  one  half  of  it  into  a retort  expofed  to  the  fun, 
and  the  other  into  an  equal  retort  which  I placed  in 
the  dark.  The  water  in  the  fun  prefently  yielded 
Y 4 per- 
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permanent  air,  highly  dephlogifllcated ; whereaa 
that  in  the  dark  gave  not  a Tingle  bubble,  but  when 
I Toon  afterwards  brought  it  into  the  fun,  it  yielded 
air  like  the  other. 

The  preceding  experiments  being  made  chiefly 
■with  the  mujcular  parts  of  animals,  I had  the  curio- 
flty  to  try  what  difference  would  be  made  with  the 
other  parts  of  the  fyflem,  and  fome  of  the  fecre- 
tions ; but  I was  contented  with  a few  articles  under 
this  clafs,  as  the  extenflon  of  the  experiments  to  all 
parts  of  the  animal  fyflem  would  have  been  tedious, 
and  did  not  feem  to  promife  much  advantage. 

By  means  of  a quantity  of  the  brain  of  a fheep, 
and  alfo  of  the  iungs^  and  of  the  liver,  I procured  a 
very  confiderable  quantity  of  very  pure  air,  the  pro- 
cefs  with  each  of  thefe  being  exadlly  like  thofe  which 
have  been  already  deferibed,  and  therefore  not  re- 
quiring to  be,  repeated.  Thefe  fubflances  immerfed 
imrain  water  were  prefently  covered  with  the  green 
vegetable  matter,  which  was  alfo  diffufed  through 
the  whole  body  of  the  water,  and  the  produce  of  air 
from  it  was  very  copious. 

The  experiments  I made  with  blood,  fat,  gall,  and 
gravy  had  different  refults. 

Eighteen  pennyweights  of  the  cralfamentum  of 
iheep’s  blood,  was  expofed  to  the  fun  in  ajar  of  rain 
water,  containing  two  hundred  ounces  y but  it  was 
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always  red,  and  never  yielded  more  than  an  ounce 
meafureof  air,  the  whole  of  which  was  phlogifti- 
cated. 

No  air  at  all  was  produced  from  a fmall  piece  of 
fat  mutton^  expofed  in  the  fame  manner  ten  days, 
nor  from  water  which  had  a fmall  quantity  of  mut- 
ton gravy  in  it. 

About  half  an  ounce  of  flieep’s  gall  was  expofed, 
together  with  the  gall  bladder  in  which  it  was  con- 
tained, on  the  25  th  of  July,  in  a veffel  containing 
two  hundred  ounces  of  water,  which  in  a few  days 
was  green,  and  produced  air;  but  before  the  i6th 
of  Auguft  it  was  almoft  all  abforbed,  and  fome 
time  after  was  wholly  fo.  Gall,  being  a very  pu-* 
trefcent  fubftance,  might  adl  as  the  moufe  in  the 
experiment  recited  above ; fo  that  perhaps  with  a 
iefs  quantity  of  gall,  or  by  withdrawing  it  in  time, 
I might  have  fucceeded  better. 

It  is  impoflible  not  to  obferve  from  thefe  experi- 
ments, the  admirable  provifion  there  is  in  nature, 
to  prevent,  or  leffen,  the  fatal  efFe6ls  of  putrefadlion, 
efpecially  in  hot  countries,  where  the  rays  of  the 
fun  are  the  moll  diredl,  and  the  heat  the  moft  in- 
tenfe.  For  whereas  animal  and  vegetable  fub- 
ftances,  by  fimply  putrefying,  would  neceffarily 
taint  great  maffes  of  air,  and  render  it  wholly  unfit 
for  refpiration,  the  fame  fubftances  putrefying  in 

water. 
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water,  fupply  a moft  abundant  pabulum  for  thh 
wonderful  vegetable  fubftance,  the  feeds  of  which 
appear  to  be  in  all  places  difperfed  invifibly  through 
the  atmofphere,  and  capable,  at  all  feafons  of  the 
year,  of  taking  root,  and  immediately  propagating 
themfelves  to  the  greateft  extent.  By  this  means, 
inftead  of  the  air  being  corrupted,  a vaft  addition  of 
the  pureft  air  is  continually  thrown  into  it. 

By  this  means  alfo  ftagnated  waters  are  rendered 
much  lefs  ofFenfive  and  unwholefome  than  they 
would  otherwife  be.  That  froth  which  we  alfo  fee 
on  the  furface  of  fuch  waters,  and  which  is  apt  to 
create  difguft,  generally  confifts  of  the  pureft  de- 
phlogifticated  air,  fupplied  by  aquatic  plants  which 
always  grow  in  the  greateft  abundance,  and  floiirilh 
moft,  in  water  that  abounds  with  putrid  matter. 
When  the  fun  fhines  thefe  plants  may  alfo  be  feen 
to  emit  great  quantities  of  pure  air. 

Even  where  animal  and  vegetable  fubftances 
putrefy  in  air^  as  they  have  fome  molfture  in  them, 
various  other  plants,  in  the  form  of  moldy  &c.  find 
a proper  nutriment  in  them,  and  by  converting  a 
confiderable  part  of  the  phlogiftic  effluvium  into 
their  own  nutriment,  arreft  it  in  its  progrefs  to  cor- 
rupt the  furrounding  atmofphere.  So  wonderfully 
is  every  part  of  the  fyftem  of  nature  formed,  that 
good  never  fails  to  arife  out  of  all  the  evils  to  which, 
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in  confequence  of  general  laws,  moft  beneficial  to 
the  whole,  it  is  neceflarily  fubjedt.  It  is  hardly 
poflible  for  a perfon  of  a fpeculative  turn  not  to 
perceive,  and  admire,  this  moft  wonderful  and  ex- 
cellent provifion. 


SECTION  XI. 

Of  the  Property  of  the  Willow  Plant  to  ahforh  Air. 

OF  the  various  plants  on  which  I made  experi- 
ments in  the  courfe  of  the  fummer  of  1777,  I 
met  with  one  which  had  the  remarkable  quality  of 
abforbing  a great  proportion  of  any  kind  of  air  to 
which  I expofed  it.  It  is  the  epilohium  hirfutum  of 
Linn^us,  in  Englifti  the  willow  plant,  and  it  grows 
beft  in  the  water  of  marftiy  ground.  The  method 
in  which  I made  the  experiments  was  by  fixing  the 
jar  of  air  with  its  mouth  in  the  water  in  which  the 
plant  grew,  keeping  it  upright,  by  faftening  it  to 
a ftick  fixed  in  the  bottom  of  the  pool,  then  bend- 
ing the  plant  under  the  water,  and  introducing  the 
top  of  it  into  the  infidc  of  the  jar. 
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I prefently  found  that  the  common  air  to  which 
It  was  expofed  in  this  manner  was  confiderably 
diminifhed,  and  rendered  noxious ; but  having  neg- 
le6ledt)ne  of  thefe  jars  for  about  a week,  I was  fur- 
prized  to  find  that  near  one  half  of  the  whole 
quantity  of  air  was  abforbed,  the  water  having  rifen 
fo  far  within  the  jar : whereas,  in  general,  the  di- 
minution of  air  occafioned  by  what  I fuppofe  to  be 
mere  phlogifton,  as  in  the  procefs  of  iron  filings 
and  fulphur,  or  the  calcination  of  metals,  &c.  does 
not  exceed  one  fourth  of  the  whole.  Suppofmg, 
however,  that  I might  not  have  taken  fufficient 
notice  of  the  quantity  of  air  originally  contained  in 
the  jar,  I repeated  the  experiment  in  a jar  about 
ten  inches  long,  and  one  in  diameter,  and  found, 
after  fome  time,  that  the  diminution  went  upquef- 
tionably  beyond  one  fourth  of  the  whole  j and  then, 
to  profecute  the  experiment  farther,  I introduced 
other  plants  of  this  kind  into  jars  about  nine  inches 
in  length,  and  two  inches  and  a quarter  in  diameter, 
one  of  them  filled  with  inflammable,  and  the  other 
with  nitrous  air. 

After  about  a fortnight,  I noted  the  ftate  of  thefe 
plants,  and  of  the  air  to  which  they  were  expofed, 
and  found  them  to  be  as  follows.  The  plant  which 
had  been  expofed  to  common  air,  in  the  jar  about 
\ ten  inches  long  and  one  inch  wide,  and  which  had 
been,  in  all,  about  a month  in  that  fituation,  had 
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abforbed  feven  eighths  of  the  air  in  the  jar.  The 
plant  was  quite  yellow  and  dead  5 but  though  it  had 
been  fo  for  fome  time,  it  had  ftill  continued  to  ab- 


forb  the  air. 

The  plant  which  had  been  confined  only  about  a 
fortnight,  in  one  of  the  larger  jars  of  common  air. 
Was  quite  green,  and  had  confumed  three  fourths 
of  it. 

The  plant  in  a jar  of  the  fame  fize,  containing 
inflammable  air,  had  confumed  one  third  of  it,  and 
part  of  the  remainder  (which  I drew  from  it)  was, 
to  all  appearance,  as  inflammable  as  ever  it  had 
been.  The  plant  was  green. 

The  plant  in  the  nitrous  air  was  yellow  and  dead, 
and  had  confumed  one  third  of  its  air. 

In  this  ftate  I was  obliged  to  leave  thefe  plants, 
and  to  fufpend  all  my  other  experiments  on  plants 
by  my  journey  to  the  fea  fide  5 but  I had  accounts 
fent  me  of  the  ftate  of  them  from  time  to  time,  by 
which  it  appeared,  that  the  air  continued  to  dimi- 
nilh  till  the  common  air  in  the  narrow  jar  was  only 
one  tenth  of  its  original  quantity,  the  inflarrimable 
air  was  reduced  to  one  feventh  of  the  whole ; and 
the  air  in  the  other  jars  was  diminifhed  in  about 
the  fame  proportion.  But  at  length,  the  fummer 
being  very  dry,  the  water  failed,  and  the  common 
air,  of  courfe,'got  into  the  jars.  I regret,  particu- 
larly, that  I had  no  opportunity  of  examining  the 
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ftate  of  the  InflammaUe  air  in  the  lafl:  ftage  of  its 
diminution. 

Finding  this  plant  to  abforb  fo  much  air,  I was 
defirous  of  knowing  what  became  of  it,  whether  it 
was  incorporated  in  the  fubftance  of  the  plant,  or 
was  merely  ftrained  through  it.  For  this  purpofe 
I put  the  root  of  one  of  the  plants,  with  all  the 
earth  that  adhered  to  it,  into  a jar;  and  bending 
the  plant  a little,  placed  the  jar  in  fuch  a manner, 
as  that  the  mouth  of  it  was  juft  immerfed  in  a pan 
of  water,  and  the  plant,  though  in  an  aukward  fitu- 
ation,  grew  pretty  well ; the  upper  part  being  fup- 
ported,  and  alfo  turning  upwards  of  itfelf,  by  its 
natural  growth. 

Some  air  was  certainly  ftrained  through  this 
plant;  but  much  lefs  than  I had  expeded,  con- 
ftdering  the  quantity  that  I fuppofed  it  would  have 
abforbed  in  the  fame  time,  at  leaft  if  it  had  grown 
freely  in  its  natural  fituation.  The  air  which  I col- 
leded  in  this  manner  was  alrhoft  intirely  phlogifti- 
cated,  as  was  always  that  which  remained  of  the 
common  air  that  the  plant  had  abforbed. 

To  try  whether  the  plant  would  adlually  abforb 
air  in  the  fituation  above  defcribed,  when  the  root 
was  confined  in  a jar  of  water,  I gave  it  another 
bend  near  the  top,  and  placed  a jar  of  common  air 
over  it,  ftanding  in  another  veffel  of  water;  but 
the  plant  would  not  bear  fo  much  torture,  and 
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though  it  did  not  die  immediately,  it  decayed  gra- 
dually, and  the  experiment  had  no  efFed. 

It  will  certainly  be  well  worth  while  to  compare 
all  the  circumftances  in  which  air  is  ahforbedy  as 
well  as  thofe  in  which  it  is  merely  diminijhed  to  a 
certain  degree,  in  order  to  afeertain  the  circum- 
llances  that  are  common  to  all  the  cafes,  and  there- 
by difeover  the  proper  caufe  of  this  remarkable 
phenomenon.  Water,  and  many  other  fluids,  have 
this  property  in  fome  degree,  as  has  long  been 
known  to  natural  philofophers,  who  did  not  give 
much  attention  to  the  quality  y or  chemicaL'pr  opr  ties 
of  air.  I difeovered  it  in  a flill  greater  degree  in 
cil  of  turpentine.  And  that  excellent  philofopher 
the  Abbe  Fontana  has  difeovered  it  in  a much 
greater  degree  ftill  in  charcoal.  This  plant,  how- 
ever, feems  to  poflTefs  the  fame  property  in  as  great 
a degree  as  charcoal.  It  only  requires  more  time 
to  produce  its  efled.  At  another  opportunity  I 
propofe  to  examine  this  matter  a little  farther.  At 
prefent,  no  conjedlure  occurs  to  me  that  I think 
worth  communicating  to  the  public. 
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SECTION  XIL 

Of  ths  Growth  of  the  Willow  Plant  in  different  Kinds 
of  Air, 

IN  the  laft  fe6tion  I obferved  that  the  willow 
plant  grew  very  well  both  in  inflammable  and  in 
common  air,  and  that  it  abforbed  a confiderable 
proportion  of  both  the  kinds,  as  well  as  of  nitrous 
air.  In  this  there  could  not  pofTibly  be  any  mif- 
take,  unlefs  we  fuppofe  the  water  to  have  abforbed 
the  air,  which  it  has  never  been  known  to  do  in 
any  fimilar  circumftances.  However,  when  I re- 
fumed  the  experiments  on  the  growth  of  this  plant  in 
the  courfeofthe  fummerof  1778,  I had  no  inftance 
of  the  abforption  of  common  _air ; but  I had  re- 
peated, and  very  extraordinary  ones  of  the  abforp- 
tion of  inflammable  air  by  it,  and  the  plant  flourifli- 
ed  fo  remarkably  in  this  air,  that  it  may  be  faid 
to  feed  upon  it  with  great  avidity.  This  procefs 
terminates  in  the  change  of  what  remains  of  the 
inflammable  air  into  phlogifticated  air,  and  fome- 
times  into  a fpecies  of  air  as  good  as  common  air. 
Of  even  better  5 fo  that  it  mufl:  be  the  inflammable 
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principle  in  the  air  that  the  plant  .takes,  converting 
it,  no  doubt,  into  its  proper  nourifhment. 

Some  other  plants  allb,'  as  comfrey  and  duck  weed^ 
1 obferved  to  thrive  .very  well  in  inflammable  air, 
and  to  produce  a fimilar  effecfl:  upon  it,'  though,  as 
I obferved  in  my  firfl:  publication  on  the  fubjedt  of 
air,  and  upon  other  occafions  fince,  mint  does  not 
thrive  fo  well  in  this  as  in  common  air,  and  I have 
generally  found  that,  in ' time,  this  plant  is  killed 
by  it. 

If  may  deferve  to  be  mentioned  in  this  con- 
nexion, that  the  willow  plant  grows  befl;  in  marlhy 
places,  which  abound  with  inflammable  air.  The 
plants  that  I made  ufe  of  grew  in  the  bottom  of  a 
field,  in  and  near  a piece  of  water,  into  which,  if  I 
only  thrufl:  a flick,  a prodigious  quantity  of  inflam- 
mable air  ruflied  out,  fo  that,  without  changing  my 
place,  I could,  at  any  time,  colle6l  a large  receiver 
full  of  it  j and  bubbles  of  air  were  very  frequently 
rifing  fpontaneoufly  -from  the  mud  at  the  bottom. 
It  may  therefore  be  a provifion  in  nature,  fhat  this 
noxious  kind  of  air  fhould  be  fitted  to  the  nourifli- 
ment  of  flich  plants  as.grow  befl  in  thofe  places  in 
which  it  abounds,  as  we^l^as  that  plants  in  general 
flioiuld  purify  the  common  atmofphere. 

The  fa<fls  from  which  thefe  conclufionsare  drawn^ 
as  well  as  fbme  farther  obfervations  on  the  fubjefl, 
are  the  following,  in  the  recital  of  which  it  will*  be 
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neceffary  to  mention  the  month  and  the  day  on 
which  the  obfervations  were  made,  as  they  have 
connexion  with  the  flate  of  the.  plant,  and  probably 
with  its  power  of  a6tion  on  air. 

On  the  !26th  of  May,  1779,  I put  ajar  of  about 
twenty  ounce  meafures  of  air  over  a willow  plant 
growing  in  water,  and  on  the  firft  of  June  I ob- 
ferved  that  the  air  was  little  dimlnifhed  dn  quantity, 
or  affedled  in  quality ; for  by  the  teft  of  nitrous  air 
the  meafures  were  1.33  ; that  is,  when  one  mea- 
fure  of  nitrous  air  was  mixed  with  one  meafure  of 
this  air,  they  occupied  the  fpace  of  1.33  meafures. 
The  plant  continuing  to  grow,  I examined  it  on 
the  5th  of  June,  when  the  meafures  were.  1.3,  and 
thofe  of  the^  common  air  at  the  fame  time,  I . ob- 
ferved,  were  1.2:6.  ' This  flight  degree  of  injury 
I imputed  to  fome  black  leaves,  which'  were  then 
about  the  plant. . On  the  Bth  of  the  fame  month, 
the  meafures  were  1.36,  and  on  the  15th  they  were 
1.4;  and- there  was  ftill  no  more  profpe6l  qf  the 
air  being  abforbed  tham  before.  This  I thought 
very  extraordinary,  as  in^the  preceding  fummer  I 
had  always  found,  take  what  , care  I could,  that  thefe 
plants  injured  common  ahvand  at  leafl:  diniiniflied 
it  in  the  ufual  degree  ofrone  fourth,  if  they  did  not 
abforb  more  of  it. 

: In  inflammable  air,  the  refults  were  confiftent 
with  the:  preceding  obfervations,  and  uniform  with 
. them- 
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themfelves.  But  the  year  before  I had  no  oppor- 
tunity of  purfuing  thefe  obfervations  to  the  extent 
that  I wifhed,  fo  that  I could  not  tell  in  what  ftate 
the  plants  would  finally  leave  the  air  i whereas  now 
I had  fufficient  time  fully  to  fatisfy  my  curiofity  in 
this  refped. 

On  the  1 8th  of  May  I introduced  one  of  thefe 
plants,  growing  in  water,  under  a jar  of  flrong  in- 
flammable air,  and  the  3d  of  June  following,  1. 
found  that  it  was  diminiflied  about  one  third.  Ex- 
amining it,  I found  it  was  but  weakly  inflammable. 
This  plant  had  not  room  to  expand  itfelf,  but  ftill 
it  lived  very  well.  On  the  31ft  of  the  fame  month, 
there  was  no  more  than  one  third  of  the  air  re- 
maining in  the  jar,  and  it  was  ftill  flightly  inflam- 
mable. Owing  to  fome  accident  or  other,  the 
plant  had  been  dead  about  a week,  after  which  time 
I obferved  that  the  air  had  ceafed  to  be  dimi- 
nifhed. 

I then  introduced  another  plant  into  what  remain- 
ed of  the  air,  and  on  the  5th  of  June  it  was  re- 
duced one  third  more,  and  then  I could  not  per- 
ceive that  there  was  any  thing  inflammable  in  it.  It 
was  alfo  a good  deal  dephlogifticated ; for  with  two 
equal  quantities  of  nitrous  air,  the  meafures  of  the 
teft  were  1.6,  fo  that,  upon  the  whole,  the  growth 
of  this  plant  in  this  kind  of  air  had  the  fame  effect 
upon  it  as  agitation  in  water  would  have  had,  viz. 
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diminifhing  it,  dq^riving  k of  its  inflammability, 
and  rendering  it  in  fome  meafiire  refpirabie. 

I had  another  refult  exaftly  correfponding  with 
this.  For  on  th€  9th  of  June  I examined  a quan- 
tity; of  inflammable  air,  in  which  a willow  plant  had 
grown  from  the  26th  of  May ; but  in  this  cafe  not 
more  than  about  half  the  quantity  was  abforbed, 
but  part  of  the  remainder  fired  with  one  explofion, 
like  a mixture  of  common  and  inflammable  air^ 
and  applying  the  tefl  of  nitrous  air,  the  meafures 
were  1.43,  which  is  about  that  ftate  of  air  in  which 
a candle  juft  goes  out.  On  the  15th  of  June  an- 
other quantity  of  this  air,  in  which  a willow  plant 
had  grown  from  the  fame  time,  was  fired  in  the 
fame  manner,  and  the  meafures  of  the  tcft  were 
1.44;,  though  only  about  one  half  of  k liad  dif- 
appeared.- 

Another  quantity  of  the  ftame  kind  of  inflamma- 
ble air,  in  which  a willow  plant  had  grown  the 
fame  time,  was  reduced  to  one  fixth  of  its  original 
quantity.-  It  then  exploded  like  a mixture  of  com- 
mon and  inflammable  air,  and  the  meafures  of  the 
teft  were  1.53.  It  was  examined  on  the  9th  of 
June.  On  the  15th  of  the  fame  month  it  was  di- 
minifhed  ftill  more,  and  had  then  nothing  inflam- 
mable in  it,  but  the  purity  was  nearly  the  fame ; 
the  meafures  of  the  teft  being  1.54. 
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• In  all  the  experiments  that  I made  of  this  kind, 
the  quantity  of  air  abforbed  was  very  various,  de- 
pending probably,  upon  the  health  of  the  plant, 
its  lize  in  proportion  to  that  of  the  jar,  and  other 
circumftances, 

. On  the  24th  of  May  I had  introduced  one  of 
thefe  plants  into  a jar  of  inflammable  air,  colledled 
from  the  marfli  near  which  I had  gathered  it ; and 
on  the  9th  of  June  I had  found  it  fo  far  diminiflied, 
that  little  more  than  one  feventh  of  the  original 
quantity  remained.  This  was  merely  phlogifticated 
air  5 for  it  was  not  affedted  by  nitrous  air,  and  ex- 
tinguiflied  a candle. 

On  the  15th  of  June,  I found  that  another  quan- 
tity of  the  fame  kind  of  inflammable  air,  in  which 
a willow  plant  had  grown  from  the  fame  date,  was 
not  diminifhed  near  fo  much  ; for  about  one  third 
of  the  original  quantity  was  left.  This,  however, 
was  partly  inflammable,  the  flighteft  blue  flame 
imaginable  being,  perceived  in  a large  jar  of  it. 
When  I applied  the  teft  of  nitrous  air,  the  meafures 
were  1.62. 

A fign  of  the  great  vigour  of  the  plants  grow- 
ing in  inflammable  air,  was  the  vivid  greennefs  not 
only  of  the  leaves  that  were  in  the  air,  but  of  thofe 
alfo  that  were  under  water,  and  the  length  of  time 
that  they  continued  fo  in  thefe  circumftances ; 
whereas^  in  general,  when  the  top  of  the  plant  was 
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in  common  air,  the  leaves  that  were  under  water 
loon  became  difcoloured,  and  perilhed.  Thele 
leaves  on  the  contrary,  not  only  continued  green, 
but  were  always  loaded  with  air  bubbles,  which 
were  continually  detaching  themfelves,  and  rifing 
into  the  jar,  having  their  places  fupplied  by  others. 
Thefe  bubbles,  I had  no  doubt,  confifted  of  the  air 
that  had  been  ftrained,  as  it  were,  through  the  plant, 
leaving  its  phlogifton  behind,  for  the  nourifhment 
of  the  plant.  I endeavoured  to  colledt  a quantity 
of  thefe  bubbles,  before  they  mixed  with,  and  diluted, 
the  inflammable  air  in  the  top  of  the  jar,  but  I did 
not  fucceed.  I have  no  doubt  but  that  it  would 
have  been  dephlogiflicated  air,  as  this  will  eafily 
account  for  the  Hate  in  which  I found  this  air  in 
the  experiments  recited  above. 

It  was  doubtful,  however,  whether  thefe  bubbles 
confifted  of  air  that  had  been  imbibed  by  the  leaves, 
and  then  pafted  through  a confiderable  fpace  within 
the  fubftancc  of  the  plant,  or  of  the  air  that  had 
been  contained  in  the  water,  to  which  thefe  leaves 
had  immediate  accefs.  The  latter  feems  more  pro- 
bable from  fome  experiments,  but  the  following 
are  nearly  decifive  in  favour  of  the  other  fuppo- 
fition. 

I put  the  ftalk  of  a willow  plant  into  an  invert- 
ed jar  full  of  water,  while  the  top  of  it  was  in  a 
jar  of  inflammable  air.  In  thefe  circumftances  a 
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fmall  quantity  of  air  was  colledted  in  the  inverted 
jar,  and  it  was  evidently  better  than  common  air. 
This  air  I had  obferved  to  come  from  all  the  out- 
fide  of  the  ftalk,  but  efpecially  from  the  places 
where  the  leaves  had  been  broken  off ; and  there 
were  fome  few  bubbles  from  the  middle  of  the 
place  where  the  ftalk  itfelf  had  been  cut,  for  it  had 
no  root. 

In  another  experiment  of  this  kind,  when  the 
plant  had  been  in  the  fituation  above  deferibed, 
from  the  i ith  to  the  14th  of  June,  three  fourths  of 
an  ounce  meafure  of  air  was  colle6ted  in  the  inverted 
jar,  fo  pure,  that  the  meafures  of  the  teft  were  0.63 ; 
and  with  two  meafures  of  nitrous  air  1.5,  Apply- 
ing’ the  flame  of  a candle  at  the  orifice  of  a tub$ 
filled  with  it,  there  was  a loud  explofion,  fo  that  it 
was  a mixture  of  dephlogifticated  and  inflamma- 
ble air. 

On  the  19th  of  June,  I colledted  half  an  ounce 
meafure  more  from  the  fame  plants  and  apply- 
ing to  it  the  teft  of  nitrous  air,  the  meafures  were 
0.9,  and  there  was  nothing  fenfibly  inflammable  in 
it.  Had  there  been  nothing  Inflammable  in  the 
the  air  collected  in  the  inverted  jar,  containing  the 
ftalk  of  the  plant,  the  probability  would  have  been, 
that  all  the  air  came  from  the  water,  dephlogifti- 
cated by  the  aeftion  of  the  plant ; but  the  mixture 
of  inflavnmable  air  in  it  feems  to  prove  that  part  of 
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it,  at  leaft,  had  been  imbibed  by,  and  ftrained 
through  the  plant,  entering  at  the  leaves  (which 
alone  were  expofed  to  the  inflammable  air)  and 
iflliing  at  the  ftalk,  which  was  turned  up  into  the 
other  jar  in  which  the  air  was  received.  This  fln^ 
gular  cafe,  for  it  is  the  only  rcfult  I ever  had  of  the 
kind,  fhows  that  the  plant  had  taken  in  more  nou- 
rifhment  than  it  could  properly  digeft. 

This  plant  thriving  fo  remarkably  well  in  inflam- 
mable air,  and  depriving  it  of  its  inflammability, 
I thought  it  could  not  well  fail  to  purify  phlogifti- 
cated  air,  if  1 gave  proper ' attention  to  its  health 
and  eafe  in  its  confined  fituation,  though  (perhaps 
through  want  of  this  attention)  it  had  failed  to  do 
fo  the  preceding  fummer  \ and  I was  not  difappoint- 
ed  in  my  expe6lations  at  this  time. 

On  the  22d  of  June  I introduced  one  of  thefe 
plants  into  a jar  of  air  phlogifliicated  by  the  putre- 
fadtion  of  fifhes,  confined  by  rain  water,  in  which  I 
had  found  by  frequent  trials,  that  the  green  veget- 
able matter  was  not  foon  generated;  and  on  the 
!26th  of  the  fame  month,  it  was  fo  much  improved, 
that  the  meafures  of  the  tefl:  were  1.38,  which  is  a 
little  better  than  the  {late  in  which  air  will  juft  ex- 
tinguifti  a candle.  The  3d  of  July,  I examined  it 
again,  and  then  the  meafures  were  1.32,  and  on 
the  1 5th  of  the  fame  month,  it  'was  exadly  of  the 
ftandard  of  common  air.  The  water  by  which  it 
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was  confined  certainly  pi-oduced  no  air  : for  Another 
jar  filled  with  water,  in  the  fame  trough,  and  there- 
fore having  precifely  the  fame  expofure  with  refpedt 
to  light,  and  all  other  circumftances,  had  no  air  at 
all  in  it.  A very  little  air  was  drained  through  this 
plant,  and  it  was  almoft  thoroughly  phlogifticated ; 
for  the  meafures  of  the  teft  were  1.7. 

Nitrous  air  I have  always  found  to  be  fatal  to  ve- 
getable, as  well  as  to  animal  life,  and  fo  it  proved  in 
this  inftance ; as  indeed  it  had  done  the  preceding 
fummer.  From  the  i8th  of  May  to  the  i8th  of 
June,  a quantity  of  this  air  was  diminifhed  by  a wil- 
low plant  to  one  fourth,  and  then  it  was  fo  changed, 
that  it  admitted  a candle  to  burn  in  it  with  a gently 
blue  enlarged  flame ; a date  which,  as  I have 
obferved,  nitrous  air  generally  paflTes  through  be- 
fore it  becomes  mere  phlogidicated  air,  and 
which  appears  to  be  nitrous  air  partially  dephlo- 
gidicated. 

Phlogidon  being  the  pabulum  of  plants,  as  it  is 
probably  of  animals  too,  dephlogidicated  air  mud 
(as  indeed  I had  found  before)  be  unfavourable  to 
to  the  growth  of  plants  in  general ; and  I condant- 
ly-ifeund  it  to  be  fo  in  the  cafe  of  the  willow  plant. 
To  give  it  the  fairer  trial,  I introduced  a fmall,  but 
healthy  plant,  growing  in  the  marfh,  into  a jar  of 
this  air,  fo  large  that  the  plant  was  not  in  the  lead 
incommoded,  and  it  did  not  reach  the  top  of  the 
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jar  byfeveral  inches.  This  was  done  the  i8th  of 
May,  but  it  died  prefently,  and  before  the  air  was 
fenfibly  diminifhed  j which  was  the  cafe  afterwards, 
owing,  probably,  to  the  putrefaction  of  the  plant. 
But  even  then,  being  examined  with  two  equal 
quantities  of  nitrous  air,  the  meafures  of  the  teft 
were  i.o. 

- Having  filled  a large  earthen  pot  with  water, 
and  having  flicks  thruft  into  the  earth  quite  round 
it,  for  the  convenience  of  faftening  jars  with  their 
mouths  inverted  in  water,  in  order  to  fill  them  with 
different  kinds  of  air,  and  introduce  plants  into 
them,  without  the  trouble  of  going  to  the  marfh  in 
in  which  they  grew,  as  in  PL  VI.  fig.  i ^ I filled  one  of  . 
thefe  jars  with  dephlogiflicated  air,  and  then  intro- 
duced the  top  of  a willow  plant  into  it.  In  a day  or  two, 
ail  the  part  that  was  within  the  jar  began  to  turn  white, 
and  was  foon  after  manifeftly  quite  dead,  even  when 
many  fhoots  of  the  fame  plant  that  were  under  wa- 
ter continued  green,  and  looked  well  a confiderablc 
time  afterwards.  The  air,  being  examined,  was 
found  to  be  very  little  injured.  I therefore  think 
w’e  may  fafely  conclude,  that  dephlogiflicated  air 
is  iiniverfally  hurtful  to  plants  ; and  this,  .a  priori^ 
would  be  an  argument  in  favour  of  the  depuration 
of  atmofpherical  air  by  vegetation. 

Having  made  the  preceding  experiments  on  in- 
fiammable  air  with  the  willow  plant,  I proceeded 
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to  try  a few  other  plants ; and  without  givmg  fuch 
particular  attention  to  thefe  as  thofe  of  the  willow 
plant,  I foon  found  that  comfrey^  which  is  hairy  like 
the  willow  plant,  and  grows  beft  in  the  fame  fitua- 
tion,  and  alfo  the  meadow  Jweet  grew  very  well  in, 
inflammable  air.  So  alfo  did  duck-weedy  which 
was  always  remarkably  healthy,  and  of  a deep  green 
colour,  a certain  fign,  I believe,  of  health  and  vi- 
gour in  plants  in  general ; whereas,  in  dephlogifti- 
cated  air,  duck-weed  always  prefently  became  pale, 
arid  died. 
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SECTION  L 

Ohfervations  on  Rejpration^  and  the  Ufe  of  the  Blood*, 

There  is,  perhaps,  no  fubjeft  in  phyfiology, 
and  very  few  in  philofophy  in  general,  that 
has  engaged  more  attention  than  that  of  the  ufe  of 
refpiration.  It  is  evident,  that  without  breathing 
moft  animals  would  prefcntly  die  j and  it  is  alfo 


* This  Sedion  was  a paper  prefented  to  the  Royal  Society, 
read  Jan.  3^5,  1776,  and  is  printed  in  the  Philofophical  Tranfac- 
tions,  Vol.  LXVI.  p,  226,  It  will  be  perceived  that  when  I made 
the  experiments  recited  in  this  fedion,  I fuppofed  the  phlogiftica- 
tion,  as  I called  it,  of  air,  to  be  the  elFed  of  phlogifton,  emitting 
by  the  phlogifticating  fubftance,  and  that  I had  no  idea  of  the  ab- 
foi*ption  of  dephlogifticated  air,  which  was  the  difcovery  of  Mr, 
ILavoifier, 
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well  known,  that  the  fame  air  will  not  long  anfwer 
the  purpofe:  for  if  it  has  been  frequently  refpired, 
the  breathing  of  it  is  as  fatal  as  the  total  deprivation 
of  air.  But  by  what  property  it  is,  that  air  contri- 
butes to  the  fupport  of  animal  life  ; and  why  air 
that  has  been  much  breathed  will  no  more  anfwer 
the  purpofe,  feems  not  to  have  been  difcovered  by 
any  of  the  many  philofophers  and  phyficiaris  who 
have  profefledly  written  upon  the  fubjed ; and  it 
might  have  continued  to  elude  all  direB  tnveftigation^ 
when  it  difcovered  itlHf,  without  any  trouble  or 
thought,  in  the  courfe  of  my  refearches  into  the 
properties  of  different  kinds  of  air,  which  had  at  fii'ft 
quite  another  objed. 

In  thefe  experiments  it  clearly  appeared,  that  re- 
fpiration  is  2,'phlogijiic  frocefsy  affeding  air  in  the  very 
fame  manner  as  every  other  phlogiftic  procefs  {viz. 
putrefadion,  the  effervefcence  of  iron  filings  and 
fulphur,  or  the  calcination  of  metals,  &c.)  affe6bs 
it , diminifhing  the  quantity  of  it  in  a certain  pro- 
portion, leflening  its  fpecific  gravity,  and  rendering 
it  unfit  for  refpiration  or  inflammation,  but  leaving 
it  in  a ftate  capable  of  being  reftored  to  a tolerable 
degree  of  purity  by  agitation  in  water,  &c.  Hav- 
ing difcovered  this,  I concluded  that  the  ufe  of  the 
lungs  is  to  carry  off  a putrid  effiuviumy  or  to  dif- 
charge  that  phlogifton,  which  had  been  taken  into 
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the  fyftem  with  the  aliment,  and  was  become,  as  it 
were,  effete  y the  air  that  is  refpired  ferving  as 
menflruum  for  that  purpofe,  — . t 

What  I then  concluded  to  be  the  ufe  of  refpifa- 
tion  in  general,  I have  now,  I think,  proved  to  be 
effcdted  by  means  of  ^ the  bloody  in  confequence  of  its 
coming  fo  nearly  into  contad  with  the  air  in  the 
lungs  ; the  blood  appearing  to  be  a fluid  wonder- 
fully formed  to  imbibe,  and  part  with,  that  prin- 
ciple which  the  chemiits  call  phlogifton,  and  chang- 
ing its  colour  in  confequence  of  being  charged  with 
it,  or  being  freed  from  it ; and  affedling  air  , in  the 
very  fame  manner,  both  out  of  the  body  and  in  the 
lungs;  and  even  notwithftanding  the  interpofition 
of  various  fubftances,  which  prevent  its  coming 
into  immediate  contadl  with  the  air.  • ■ 

As  it  may  not  be  unpleafing  or  unufeful,  I fhall, 
before  I relate  my  own  experiments,  briefly  recite 
the  principal  of  the  opinions  which  have  been  held 
concerning  the  ufe  of  refpiration,  from  Haller’s  ex- 
cellent fyftem  of  fhyfiologyy  and  fome  other  of  the 
mofl  eminent  writers  upon  that  fubjedl. 

Hippocrates  reckoned  air  among  the  aliments  of 
the  body.  But  it  was  more  generally  the  opinion  of 
the  ancients,  that,  there  being  a kind  of  vital  fire 
kept  up  in  the  heart,  the  heat  of  the  blood  was  tem- 
pered in  the  lungs.  Galen  alfo  fuppofed,  that  there 
was  fometjiing  equivalent  to  a fire  conftantly  kept 
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Up  in  the  heart ; and  that  the  chief  ufe  of  the  lungs 
was  to  carry  off  fuch  vapours  as  were  equivalent  to 
fmoke  thrown  off  from  that  fire.  Haller,  Vol.  III. 
p.  354.  Defcartes  maintained  the  fame  vital  fire 
in  the  heart,  fuppofing  that  air  was  neceffary  for 
cooling  and  condenfmg  the  blood.  321. 

Of  the  more  modern  phyfiologlfls,  fome  have 
thought  that  the  air  itfelf  is  taken  into  the  blood ; 
others,  that  it  is  only  fomething  extra61:ed  from  the 
air, , as  the  more  fubtle  parts  of  that  fluid,  an  ether, 
or  aerial  nitre  ; while  others  fuppofe  it  to  be 
the  air  itfelf,  but  diffolved  in  water,  and  therefore  ' 
in  an  unelaflic  flate.  Ibid,  p.  321.  j 

Moft  of  thofe  who  think  that  air  is  taken  into  the 
blood,  fuppofe  it  to  be  taken  in  by  the  lungs,  ibid, 
p.  330.  Some  fuppofe,  that  the  effedt  of  the  ad- 
milfion  of  this  air  into  the  blood  is  a fermentation, 

P-  332.  Others  fuppofe,  that  it  ads  by  its  fpring, 
preventing  the  too  clofe  contadt  of  the  globules,  and 
thereby  preferving  its  fluidity,  inteftine  motion,  and 
heat,  ibid,  Bertier  fuppofed,  that  the  circulation 
of  the  blood  was,  in  a great  meafure,  owing  to  the 
admiflion'of  air  into  it.  Van  Heimont  afcribed  the 
volatility  of  the  fixed  elements  in  the  food  to  this 
air,  p.  3365  and  Stevenfon  thought,  that  the  air 
which  had  circulated  in  the  blood,  and  which  had 
heated  the  blood  too  much,  was  exhaled  by  the 
lungs,  pr555. 
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Others  fay,  that  the  air  itfelf  is  not  admitted  in- 
to the  blood,  but  only  fome  adtive,  fpirituous,  and 
ethereal  particles  ; that  this  vital  fpirit  pafles  from 
the  lungs  to  the  heart  and  arteries,  and  atiength  be- 
comes the  animal  fpirits,  which  are  by  this  means 
generated  from  the  air,  p.  333.  Others,  who  do 
not  admit  that  the  animal  fpirits  are  derived  from 
the  air,  ftill  fay  that  fome  other  vital  principle  comes 
from  thence.  This  vital  principle  Malpighius  fup- 
pofes  to  be  a fallne  vapour  j Lifter,  a hot,  inflam- 
mable, fulphureous  fpirit  j Vieuflfenius,  a volatile 
acid  fait,  which  keeps  up  the  fermentation  of  the 
blood  ; and  Bryan  Robinfon,  the  aerial  acid,  which 
pfeferves  the  blood  from  putrefadtion  ; . preferves 
alfo  its  denfity,  and  ftrengthens  the  animal  fibres* 
For  this  ’reafon  he  fuppofes  it  is  that  we  feel  ourfelves 
refrefhed  in  cold  air,  as  it  abounds  with  a more 
plentiful  acid  quality,  p.  334.  They  who  fuppofe 
that  nitre  is  taken  from  the  air  into  the  blood,  afcribe 
to  that  principle  its  fernrientation,  its  heat,  and  its 
. denfity,  p.  334. 

It  is  a received  opinion,  that  one  ufe  of  the  lungs 
is  to  attenuate  the  blood,  p.  359  ; and  Malpighius 
adds,,  that  by  this  means,  the  different  particles  of 
the  blood  become  thoroughly  mixed  together;  while 
others  diink  that  the  blood  is  condenfed  in  the 
kings  ; and  others,  that  the  globules,  and  all  the 
finer  humours,  receive  their  configuration  there, 

ibid. 


Se5^,  L 


kESPIRATlOK. 


353. 

Some,  without  cbrilidering  the  air  as  of  any 
other  ufe  than  to  put  the  lungs  in  motion,  think, 
that  heat  is  produced  in  the  lungs  by  the  attrition  of 
the  blood  in  palTing  through  them,  Mija^aurin. 
Vol.  V*  p.  36.  The  red  colour  of  the  blood  has 
been  thought  by  fome  to  be  caufed  by  this  attrition 
in  the  lungs  ^ but  Lower  refuted  this  notion3  chiefly 
by  obferving,  that  the  attrition  of  the  blood  is  great- 
er in  the  mufcles,  from  which,  however^  it  always 
returns  black,  Vol.  I . p.  74. 

Dr.  Whytt  thought  there  was  fomething  of  a vital 
and  ftim'ulating  nature  derived  from  the  air  into  the 
blood,  by  means  of  which  it  made  the  heart  to 
contrad,  Haller,  Vol.  III.  p.  336. 

Boerhaave  fays,  that  air  not  changed  is  deadly ; 
not  on  account  of  heat,  rarefradion,  or  denfity,  but 
for  fome  other  occult  caufcy  Mifc,  'Taurin,  Vol.  V, 
p.  30. 

Dr.  Hales,  who  has  thrown  much  more  light  up- 
on the  dodrine  of  air  than  all  his  predecelTors,  was 
equally  ignorant  of  the  ufe  of  it  in  refpiration  ; and 
at  different  times  feema  to  have  adopted  different 
opinions  concerning  it. 

In  his  Statical  EJfaySy  Vol.  II.  p.  321,  he  fup- 
pofes,  that  air  is  rendered  alkaline  by  breathing, 
and  correded,  in' fome  meafure,  by  the  fumes  of 
vinegar. 
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In  agreement,  as  he  obferves,  with  Boerhaave> 
he  fays,  p.  lOO,  that  the  blood  acquires  its  warmth 
chiefly  in  the  lungs,  where  it  moves  with  much 
greater  rapidity  than  in  any  other  capillary  veflels  of 
the  body,  VoL  II.  p.  87  s but  that  one  ufe  of  the 
air  is  to  cool  the  blood,  p.  94 ; -and  he  makes  an 
eflimate  of  the  degree  of  this  refrigeration.  The 
red  colour  of  the  globules  of  blood,  he  fays,  p.  88, 
intimates  their  abounding  with  fulphur,  which  makes 
them  more  fufceptible  and  retentive  of  heat  than 
thofe  bodies  which  have  lefs  of  it. 

He  alfo  fuppofes,  p.  102,  that  another  great  ufe 
of  the  lungs  is  to  attenuate  and  feparate  the  globules 
of  blood ; and  that  the  floridnefs  of  the  arterial 
blood  above  the  venal  may,  in  a good  meafure,  be 
owing  to  the  llrong  agitation,  fridlion,  and  commi- 
nution, which  it  undergoes  in  paffing  through  them. 
In  like  manner,  in  an  experiment  which  he  made 
for  the  purpofe,  blood  much  agitated  in  a clofe  glafs 
veflTel  was  obferved  to  be  very  florid,  not  only  on 
its  furface,  but  through  its  whole  fubftance,  as  arterial 
blood  is,  Vol.  II.  p.  102.  I would  obferve,  how- 
ever, that  in  this  experiment,  the  blood  muft  have 
acquired  its  florid  colour  from  the  air  with  which  it 
was  agitated. 

He  adds,  that  it  is  probable,  that  the  blood  may, 
in  the  lungs,  receive  fome  other  important  influence 
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from  the  air,  which  is  in  fuch  great  quantities  in- 
Ipired  into  them.  In  other  places,  however,  he 
explodes  thedodirine  of  a vivifying  Jpirit  in  the  air. 
It  has  long,  he  fays,  been  the  fubjed  of  inquiry  to 
many,  to  find  of  what  ufe  it  is  in  refpiratlon ; which, 
though  it  may  in  fome  refpeds  be  known,  yet  it 
muft  be  confefTed,  that  we  are  ftill  much  in  the 
dark  about  it,  Vol.  11.  p.  102. 

Suffocation,  he  fays,  Vol.  II.  p.  271,  confifls 
chiefly  in  the  falling  flat  of  the  lungs,  occafioned  by 
the  groflfnefs  of  the  particles  of  a thick  noxious  air, 
they  being,  in  that  floating  ftate,  mofl:  eaflly  attrad- 
ed  by  each  other,  as  we  find  that  fulphur,  and  the 
elaflic  repelling  particles  of  air  are ; and  confequently 
unelaftic,  fulphureous,  faline,  and  other  floating 
particles,  will  mod  eaflly  coalefce,  whereby  they  are 
rendered  too  grofs  to  enter  the  minute  veflcles, 
which  are  alfo  much  contraded,  as  well  by  the  lofs 
of  the  elafticity  of  the  confined  air,  as  by  the  con- 
tradion  occafioned  by  the  flimulating  acid  fulphure- 
ous vapours.  And  hence  it  is  not  improbable,  that 
one  great  deflgn  of  nature  in  the  ftrudure  of  this 
important  and  wonderful  vijcus^  was  to  frame  the 
veflcles  fo  very  minute,  thereby  effedually  to  hin- 
der the  ingrefs  of  grofs,  feculent  particles,  which 
might  be  injurious  to  the  animal  economy. 

Laftly,  he  concludes,  that  the  effed  of  refpiration 
is  to  abate,  and  in  part  deflroy,  the  elafticity  of  the 
A a 2 air ; 


OBSERVATIONS  ON 


Fart  IT. 


3S^ 

air ; and  as  this  was  effeded  by  fulphureous  vapours, 
and  he  could  breathe  for  a longer  time  air  that  had 
paffed  through  cloths  dipped  in  a folution  of  fak  of 
tartar,  he  concluded,  that  the  air  had  been  mended 
by  the  tartar  having  ftrongly  imbibed  the  fulphu- 
reous, acid,  and  watery  vapours,  Vol.  L p.  267. 

Haller,  after  reciting  the  opinions  of  all  that  had 
gone  before  him,  fuppofes,  with  Dr.  Hales,  that, 
in  confequence  of  the  air  lofing  its  Ipring  in  the  lungs, 
they  cannot  be  kept  dilated ; and  therefore,  they 
muft  collapfe,  and  the  circulation  of  the  blood  be 
impeded,  Vol.  III.  p.  258.  When  he  ftates  his  opi- 
nion concerning  the  ufe  of  the  lungs  more  fully,  he 
fays,  that  the  true  ufe  of  them  is  partly  inhaling,  and 
partly  exhaling,  p.  351.  That  the  lungs  inhale  both 
water  and  air ; but  that  in  the  lungs  the  air  lofcs  its 
elaftic  property,  fo  as  to  be  eafily  foluble  in  water  or 
vapour,  p.  352,  and  he  thinks  it  probable,  that  this 
air  ferves  as  a cement  to  bind  the  earthy  parts  toge- 
ther. He  alfo  makes  no  doubt,  but  that  various 
other  matters,  mifcible  with  water,  are  inhaled  by 
the  lungs  ; and  he  even  thinks  it  not  improbable, 
that  the  air  may  carry  fome  eledlric  virtue  along 
with  it.  The  principal  exhalation  of  the  lungs,  he 
chinks,  to  be  water,  abounding  with  oily,  volatile, 
and  faline  principles  \ and  thefe  oily  and  fetid  va- 
pours, he  thinks,-  to  be  the  fuligines  of  Galen  and 
other  ancients,  p.  354, 
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Mr.  Cigna  of  Turin  has  given  much  attention  to. 
this  curious  fubje^t,  as  appears  by  two  memoirs  of 
his  : one  in  the  firft  volume  of  the  Mijcellanea  T auri- 
nenjia,  in  which  he  very  well  accounts  for  the  florid 
red  colour  of  the  blood ; and  the  other,  which  is  a 
much  more  elaborate  Memoir,  intitled,  De  Refpira- 
tione,  in  the  fifth  vokjme  of  the  fame  work,  juft 
publiftied,  or  about  to  be  publiflied,  the  copy  of 
the  article  having  been  fent  to  me  by  the  author. 

He  takes  it  for  granted,  that  air  which  has  once 
been  breathed  is  unfit  for  farther  refpiration,  on  no 
other  account  than  its  being  loaded  with  noxious  va- 
poursy  which  difcover  themfelves  by  a fetid  fmell. 
Mifc,  ‘Taurin,  VoL  V.  p.  30.  And  he  takes  it  for 
granted,  that  the  elafticity  of  air  is  diminiihed  by 
refpiration,  though  he  does  not  confider  that  dimi- 
nution of  elafticity  as  the  caufe  of  its  noxious  qua- 
lity. He  therefore  concludes,  that  air  vv^,hich  has 
been  breathed,  fuffccates  by  means  of  the  irrita- 
tion which  it  occafions  to  the  lungs,  by  which  the 
bronchia,  and  the  lungs  themfelves,  are  contraded, 
fo  as  to  refift  the  entrance  of  the  air ; and  there- 
fore, that  refpired  air  is  noxious  on  the  fame  ac- 
•count  as  mephitic  vapours,  or  thole  of  burning 
fulphur,  p.  31  ; that,  in  frequently  breathing  the 
fame  air,  it  becomes  fo  loaded  with  thefe  vapours, 
as  to  excite  a convulfion  in  the  lungs,  and  thereby 
A a 3 render 
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render  them  unfit  for  tranfmitting  the  blood,  p. 
42. 

This  philofopher  fuppofes  that  air  enters  the  pores 
of  the  blood,  retaining  its  elaftic  power,  p.  50,  and 
that  it  continues  at  reft  there,  becaufe  its  endeavour 
to  efcape  is  couuteraded  by  the  equal  preffure  of  the 
ambient  medium,  p.  52.  This  air,  he  fuppofes  to 
be  introduced  into  the  blood  by  the  chyle,  and  ne- 
ver by  the  way  of  the  lungs,  except  when,  by  fome 
means  or  other,  the  equilibrium  between  the  air 
in  the  blood  and  the  external  air  is  loft,  p.  57.  If 
the  external  air  be  rarer  than  the  internal,  the  air  in 
the  blood,  expanding  itfelf,  will  inflate  the  animal, 
and  have  the  fame  effed  as  air  introduced  into  the 
veins. 

What  we  are  chiefly  indebted  to  M>  Cigna  for,  is 
his  decifive  experiments  with  refped  to  the  florid 
colour  of  the  blood,  which  he  clearly  proves  to  be 
caufed  by  the  contad  of  air  ; though  he  afterwards 
feems  willing  to  defert  that  hypothefis.  It  was  of- 
ten imagined,  that  the  reafon  why  the  lower  part  of 
a quantity  of  blood  was  black,  while  the  furface  was 
red,  was,  that  the  black  particles,  being  heavier 
than  the  reft,  fubfided  to  the  bottom  5 but  this  opi- 
nion our  author  clearly  refutes.  He  found,  that 
when  he  put  a little  oil  upon  a quantity  of  blood,  it 
remained  black  throughout ; but  that  when  he  took 


Sen.  L RESPIRATION.  359 

away  the  red  part,  and  expofed  to  the  air  the  lower 
kmin^y  which  were  black,  they  alfo  became  fuccef- 
fively  red,  till  the  whole  mafs  acquired  that  colour. 
Mifc.  taurin.  Vol.  1.  p.  73.  Alfo,  at  the  requeft 
ofM.  Cigna,  father  Beccaria  tried  what  would  be 
the  cffed:  of  expofing  blood  in  vacuo ; and  he  found, 
that  in  thofe  circumftances,  it  always  continued 
black ; but  that,  by  expofing  it  again  to  the  air,  it 
became  red,  p.  68. 

M.  Cigna  concludes  his  firfl  differtatlon  with  ob- 
lerving,  that  it  is  not  eafy  to  fay  how  it  comes  to 
pafs,  that  the  lower  part  of  a mafs  of  blood  becomes 
black,  whether  by  the  air  which  it  had  imbibed 
efcaping  from  it,  or  by  its  depofiting  fomething  fa- 
line,  neceffary  to  contribute  to  its  rednefs,  or  by 
the  preffure  of  the  atmofphere  5 but  he  inclines  to 
think,  that  air  mixed  with  blood,  and  interpofed 
between  the  globules,  preferves  its  rednefs : but  that 
by  concreting  it  is  expelled  from  it,  or  becomes  fo 
fixed  as  to  be  incapable  of  making  it  red.  This 
opinion,  he  thinks,  is  rendered  in  fome  meafure 
probable,  by  the  increafed  denfity  of  concreted  bloody 
and  by  the  emiffion  of  air  from  other  fluids  in  a con- 
crefcent  flate,  p.  74. 

Notwithftanding  what  he  had  advanced  in  his  firfl 
Memoir,  yet  in  the  fecond,  which  was  written  fe- 
veral  years  after  it,  he  doubts  whether  the  change 
of  colour  in  the  blood  takes  place  in  the  lungs  : but 
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if  it  does,  he  inclines  to  afcribe  this  efFe61:  to  the 
evaporation  from  the  blood  in  the  lungs ; and  though 
he  always  found,  that  the  colour  of  the  blood  was 
changed  by  the  contad  of  air,  yet  when  he  confider- 
ed  that  evaporation  muft,  as  he  thought,  neceiTarily 
attend  the  contadf  of  air,  he  imagined,  that  this  ef- 
fed:  might  equally  be  attributed  to  this  circumftance. 
But  he  acknowledges,  that  this  hypothefis  ought  not 
to  be  received  till  it  be  confirmed  by  experiments, 
Mijc,  ^aurin.  Vol.  V.  p.  61, 

Upon  the  whole,  he  concludes,  that  the  principal 
life  of  air  to  the  bloody  is  to  preferve  the  equilibrium 
with  the  external  air,  and  to  prevent  the  veffels  from 
being  rendered  unfit  to  tranfmit  the  blood,  on  ac- 
count of  the  external  prefTure ; whereas,  by  means 
of  the  air  they  contain,  the  fluids  move  in  their  pro- 
per veffels  as  freely  as  in  vacuoy  and  the  membranes 
and  vifcera  alfo  eafily  Aide  over  each  other,  p.  63, 
And  with  refpect  to  the  ufe  of  the  lungSy  fince  he 
imagined  that  air  is  not  introduced  into  the  blood 
by  means  of  them,  he  thinks,  that  becaufe  fuch 
lungs  as  thofe  of  man  are  given  to  the  warmer  ani- 
mals only,  the  chief  ufe  of  refpiration  is  exhala- 
tion, and  confequently  the  cooling  of  the  blood, 
p.  65. 

The  lafl  writer  whom  I fliall  quote  upon  this 
fubjed,  is  the  late  ingenious  Mr.  Hewfon ; who  fays, 
in  his  Experimental  Inquiry  into  the  Properties  of  Bloody 
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p.  9,  As  the  colour  of  the  blood  is  changed  by 
air  out  of  the  body,  it  is  prefumed,  that  the  air 
in  the  lungs  is  the  immediate  caufe  of  the  fame 
change  in  the  body.”  That  this  change  is  really, 
produced  in  the  lungs,  he  is  perfuaded,  he  fays, 
from  experiments,  in  which  he  diftindly  faw  the 
blood  of  a more  florid  red  in  the  left  auricle  of  the 
heart,  than  it  was  in  the  right ; but  how  this  effedl: 
is  produced,  he  fays,  is  not  yet  determined. 

Since  fome  of  the  neutral  falts,  and  particularly 
nitre,  have  a fimilar  effe6l  on  the  colour  of  the 
blood;  fome,  fays  he,  attribute  this  difference  to 
the  nitre  abforbed  from  the  air,  while  in  the  lungs. 
But  this,  he  adds,  is  a mere  hypothefis;  for  air 
contains  no  nitre,  and  mofl;  of  the  neutral  falts  pro- 
duce the  fame  effedt  in  fome  degree. 

After  this  review  of  the  obfervations  and  opinions 
of  others  on  this  important  queftion  in  phyflology, 

I fhall  proceed  to  recite  my  own.  It  may  appear 
fomething  extraordinary,  that  among  fuch  a variety 
of  opinions  concerning  the  ufe  of  refpiration,  the 
right  one  fliould  never  have  been  fo  much  as  con- 
jedlured,  though  unfupported  by  the  proper  proof. 
But  indeed,  this  animal  fundlion,  and  the  phlogiflic 
prccefles  in  chemiftry,  efpecially  that  of  the  cal- 
cination of  metals,  which  is,  perhaps,  the  mofl  Am- 
ple of  them,  are  to  appearance  very  different  things ; 
and  therefore,  it  is  the  lefs  to  be  wondered,  that  no 
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perfon  Ihould  have  imagined,  they  would  produce 
the  fame  efFeA  on  the  air  in  which  they  were  per- 
formed. 

That  refpiration,  however,  is,  in  reality,  a true 
phlogiftic  procefs,  cannot,  I think,  admit  of  a doubt, 
after  its  being  ^found,  that  the  air  which  has  ferved 
for  this  purpofe  is  left  in  precifely  the  fame  ftate 
as  that  which  has  been  expofed  to  any  other  phlo- 
giftic procefs.  And  fince  all  the  blood  in  the 
body  paftes  through  the  lungs,  and,  according 
to  Mr.  Hewfon’s  obfervations  and  others,  the  re- 
markable change  between  the  colour  of  the  venal 
and  arterial  blood  takes  place  there,  it  can  hardly 
be  doubted,  that  it  is  by  means  of  the  blood  that 
the  air  becomes  phlogifticated  in  pafting  through 
the  lungs : and  therefore,  that  one  great  ufe  of  the 
blood  muft  be  to  difeharge  the  phlogifton  with 
which  the  animal  fyftem  abounds,  imbibing  it  in 
the  courle  of  its  circulation,  and  imparting  it  to  the 
air,  with  which  it  is  nearly  brought  into  contaft, 
in  the  lungs  5 the  air  thus  adting  as  the  great  men- 
ftruum  for  this  purpofe. 

Though  I had  no  doubt  concerning  this  conclu- 
fton  from  my  former  experiments,  I thought  fo 
great  a problem  deferved  as  much  illuftration  as 
could  be  given  to  it  5 and  therefore  I was  willing 
to  try,  whether  blood  was  of  fuch  a nature,  as 
to  retain  any  of  this  power  of  affecting  air  when 
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congealed,  and  out  of  the  body,  that  it  has  when  it 
is  fluid,  and  in  the  body ; and  the  experiments  have 
fully  anfwered  my  expedations. 

Having  taken  the  blood  of  a flieep,  and  let  it 
{land  till  it  was  congulated,  and  the  ferum  was  fe- 
parated  from  it  (after  which  the  furface,  being  ex- 
pofed  to  the  common  air,  is  well  known  to  aflTume 
a florid  red  colour,  while  the  infide  is  of  a much 
darker  red,  bordering  upon  black)  I introduced 
pieces  of  the  craflamentum,  contained  in  nets  of 
open  gauze,  or  of  wire,  fometimes  through  water, 
and  fometimes  through  quickfilver,  into  different 
kinds  of  air,  and  always  found  that  the  blacked 
parts  aflumed  a florid  red  colour  in  common  air, 
and  more  efpecially  in  dephlogifticated  air,  which  is 
purer  and  more  fit  for  refpiration  than  common 
air  (and  accordingly  the  blood  always  acquired  a 
more  florid  colour,  and  the  change  was  produced 
in  lefs  time  in  this  than  in  common  air)  whereas 
the  brightefl;  red  blood  became  prefently  black  in 
any  kind  of  air  that  was  unfit  for  refpiration,  as  in 
fixed  air,  inflammable  air,  nitrous  air,  or  phlogifli- 
cated  air ; and  after  becoming  black  in  the  laft  of 
thefe  kinds  of  air,  it  regained  its  red  colour  upon  be- 
ing again  expofed  to  common  air,  or  dephlogiflicated 
air ; the  fame  pieces  becoming  alternately  black  and 
red,  by  being  transferred  from  phlogiflicated  to  de- 
phlogifticatcd  air  5 and  vice  verja. 
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In  thefe  experiments  the  blood  mull  have  parted 
with  its  phlogifton  to  the  common  air,  or  dcphlo- 
gifticated  air,  and  have  imbibed  it,  and  have  be- 
come faturated  with  it,  when  expofed  to  phlogifti- 
cated,  nitrous,  inflammable,  or  fixed  air.  The 
only  difficulty  is  with  refped  to  the  fixed  air ; for 
all  the  other  kinds  certainly  contain  phlogiflon.  But 
as  there  are,  perhaps,  no  examples  of  any  fubftance 
iofing  one  principle^  without  at  the  fame  time  ac- 
quiring another  5 and  in  other  experiments  both  ' 
inflammable  and  dephlogifticated  air  a61;  upon  each 
other  through,  a bladder,  the  acidifying  principle  of 
dephlogifticated  air  may  enter  the  blood  through 
the  membrane  of  the  lungs,  as  well  as  phlogifton 
from  the  lungs  unites  with  dephlogifticated  air  in 
them  and  fo  form  fixed  air^ 

The  blacknefs  of  the  blood  may  arifc  from  other 
caufes  than  its  acquiring  phlogifton.  Gaber,  for 
inftance,  obferves,  that  blood  becomes  black  when 
it  begins  to  putrefy,  as  it  does  alfo  whenever  it  is 
dried  and  hardened  near  the  fire.  Father  Beccaria 
alfo  found,  as  I have  obferved,  that  red  blood  coyi- 
timed  (and  he  could  hardly  fail  to  obferve  alfo,  that 
it  became ) black  in  vacuo^  where  it  could  not  have 
imbibed  phlogifton.  This  I found  to  be  the  cafe 
when  the  blood  was  covered  two  inches  and  a half 

* That  this  is  acflually  the  cafe,  appears  by  the  experiments  of 
Dr.  Goodwin,  and  fomethat  I have  made  fince  the  publication  of 
this  paper,  and  which  will  be  recited  hereafter.  But  I had  not  this 
idea  fo  early. 


with 
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with  ferum ; but  it  regained  its  florid  colour  when 
it  was  expofed  to  the  open  air. 

In  general,  however,  it  cannot  be  expeded,  that 
when  blood  has  become  black  without  having  re- 
ceived phlogiftion  extra^  it  will  recover  its  florid 
colour  by  being  expofed  to  the  air.  For  the  deli- 
cacy of  its  texture,  and  confequendy  its  capacity  of 
being  eafily  affeded  by  phlogifton,  may  be  eflen- 
tially  altered  by  internal  caufes  of  blacknefs.  This 
is  even  the  cafe  when  blood  has  become  black  by 
being  expofed  to  nitrous  and  inflammable  air,  though 
this  change  is  probably  effected  by  its  imbibing 
phlogifton, 

I expofed  pieces  of  the  fame  mafs  of  red  blood 
to  thefe  two  kinds  of  air,  and  alfo  to  fixed  air  at  the 
fame  time.  They  all  became  black ; but  that 
which  was  in  the  inflammable  air  was  the  leaft  fo, 
and  none  of  them  recovered  their  florid  colour  in  the 
■open  air.  But  at  another  time,  a piece  of  crafla- 
mentum,  which  had  become  black  in  fixed  air, 
did,  in  fome  meafure,  and  very  flowly,  recover  its 
florid  colour  in  dephlogifticated  air.  Perhaps  the 
pieces  that  had  loft  their  colour  in  the  nitrous  and 
inflammable  air  might  have  recovered  it  by  means 
of  this  more  powerful  menftruum. 

Since,  however,  blood,  after  becoming  black  in 
phlogifticated  air,  is  always  capable  of  reftiming  its 
red  colour  on  being  again  expofed  to  pure  air,  it 
may  be  concluded,  that  the  preceding  blacknefs, 

dif- 
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difcharged  in  the  pure  air,  and  producing  the  con- 
ftant  cfFedt  of  phlogifton,  in  depraving  the  air,  was 
owing  to  the  phlogifton  it  had  imbibed  in  the  for- 
mer fituation,  and  which  it  parted  with  in  the  lat- 
ter. And  this  is  remarkably  the  cafe  when  blood 
is  transferred  from  phlogifticated  into  dephlogifti- 
cated  air.  Even  the  circumftance  of  the  deeper 
colour  is  fufficient  to  give  a chemift  a fufpicion  that 
it  contains  more  phlogifton  than  blood  of  a lighter 
colour. 

When  I had  found  how  readily  pieces  of  blood 
changed  their  colour,  according  to  the  quality  of 
the  air  to  which  they  were  expofed,  1 proceeded  to 
examine  the  ftate  of  that  air,  in  order  to  obfervc 
what  change  had  taken  place  in  it ; and  as  dephlo- 
gifticated  air  admits  of  a more  fenfible  change  of 
quality  than  common  air,  I gave  it  the  preference 
in  this  experiment  5 putting  a piece  of  craflamen- 
tum,  about  the  blgnefs  of  a walnut,  into  the  quan- 
tity of  about  five  ounce  meafures  of  this  air. 

This  procefs  I continued  for  the  fpace  of  twenty 
four  hours,  changing  the  blood  about  ten  or  twelve 
times ; after  which  I found  the  air  fo  far  depraved, 
that  whereas,  at  the  beginning  of  the  experiment, 
one  meafure  of  it  and  two  of  nitrous  air  occupied 
the  fpace  of  no  more  than  half  a meafure,  the 
fame  mixtures  afterwards  occupied  the  Ipace  of 
a meafure  and  a half.  Now  fince  air  is  univer- 
fally  depraved  by  phlogifton,  and  in  this  fenfe, 
I I believe. 
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I believe,  by  nothing  elfe,  it  is  evident,  that 
this  black  blood  muft  have  communicated  phlo- 
gifton  to  the  air;  and  confequently  its  change  of 
colour  from  black  to  a florid  red  mufl:  have  been 
occafioned  by  the  feparation  of  phlogifton  from  it. 

The  next  day,  when,  of  courfe,  the  blood  was 
nearer  to  a ftate  of  putrefadion,  in  which  every 
kind  of  fubflance,  without  exception,  will  injure  re- 
fpirable  air,  I put  a quantity  of  red  blood,  tinged 
in  a few  places  with  black,  which  I could  not  eafily 
feparate  from  it,  to  about  the  fame  quantity  of  the 
fame  dephlogifticated  air,  and  fuffered  it  to  ftand, 
without  changing,  for  the  fame  fpace  of  time ; when 
it  was  fo  little  injured,  that  the  meafures  above- 
mentioned  occupied  the  fpace  of  only  two  thirds  of 
a meafure. 

That  blood  has  a power  of  taking  phlogifton 
from  air,  as  well  as  imparting  phlogifton  to  air,  I 
fatisfied  myfelf  by  expofing  blood  of  a very  beauti- 
ful florid  colour  to  nitrous  air,  inflamm.able  air, 
and  phlogifticated  air.  The  two  firft  mentioned 
kinds  of  air  were  confiderably  dimini  (bed  by  the 
procefs,  which  was  continued  two  days,  during 
which  time  the  blood  had  been  changed  five  or 
fix  times. 

The  nitrous  air,  by  this  means,  loft  a great  pro- 
portion of  its  power  of  diminifhing,  that  is,  phlo- 
gifticating,  common  air.  For  now  two  meafures 
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of  common  air  and  one  of  this  occupied  the  fpace  - 
of  two  meafures  and  a quarter,  inftead  of  one  mea- 
fure  and  three  fourths.  The  inflammable  air, 
though  frill  inflammable,  was  rendered  in  fome  de- 
gree .wholefome  by  the  procefs ; being,  after  this, 
confiderably  diminiflied  by  nitrous  air,  which  is  a 
ftate  to  which  it  is  brought  by  agitation  in  water, 
and  which,  continued  longer,  deprives  it  of  its  in- 
flammability iikewife.  ' It  cannot  be  doubted,  there- 
fore, but  that,  in  both  thefe  cafes,  the  red  blood, 
by  becoming  black,  received  phlogifbon  from  thefe 
two  kinds  of  air, 

* ‘ With  refped  to  the  phlogifticated  air,  I only 
obferved  that,  after  a few  hours  expofure  to  the 
red  blood,  it  was  fenfibly,  but  not  much,  diminifh- 
cd  by  nitrous  air;  which  otherwife  it  would  not 
have  been  in  the  leafl:  degree.  This  blood,  how- 
ever, was  of  the  lighteft  colour ; that  is,  according 
to  my  hypothefis,  the  molt  free  from  phlogifton,  of 
any  that  1 have  ever  feen ; and  I have  tried  the 
fame  thing,  without  fuccefs,  with  blood  of  a lefs 
florid  colour,  though  as  florid  as  the  common  air 
could  make  it.  But  it  fflould  be  confidered,  that 
the  proper  fundtion  of  the  blood  is  not  to  receive 
phlogifton  from  air  (not  meeting  with  any  phlo- 
gifticated  air  in  the  courfe  of  its  circulation)  but  to 
communicate  phlogifton  to  air ; and  therefore,  there 
is  by  no  means  the  fame  reafon  to  exped,  that  air 

will 
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will  be  mended  by  red  blood,  as  that  it  will  be  in- 
jured  by  black  blood. 

It  may  be  objeded  to  this  hypothefis,  concerning 
the  life  of  the  blood,  that  it  never  comes  into  adual 
contad  with  the  air  in  the  lungs,  but  is  feparated 
from  it,  though  as  Dr.  Hales  dates  it,  at  the  dif- 
tance  of  no  more  than  a thoufandth  part  of  an  inch. 
The  red  globules  alfo  fwim  in  a large  quantity 
of  ferum,  which  is  a fluid  of  a quite  different  na- 
ture. 

In  order  to  afcertain  the  effed  of  thefe  circum- 
ftanceSj  I took  a large  quantity  of  black  blood,  and 
put  it  into  a bladder  moiftened  with  a little  ferum, 
and  tying  it  very  clofe,  hung  it  in  a free  expofure 
to  the  air,  though  in  a quiefcent  date  5 and  the  next 
day  I found,  upon  examination,  that  all  the  lower 
furface  of  the  blood,  which  had  been  feparated  from 
the  common  air  by  the  intervention  of  the  bladder 
(which  is  an  animal  membrane,  fimilar  to  that 
which  conditutes  the  vcficles  of  the  lungs,  and  is 
at  lead  as  thick)  and  likewife  a little  ferum,  had 
acquired  a coating  of  a florid  red  colour,  and  as 
thick,  I believe,  as  it  would  have  acquired,  if  it 
had  been  immediately  expofed  to  the  open  air  i fo 
that  this  membrane  had  been  no  impediment  to 
the  adion  of  the  air  upon  the  blood.  In  this  cafe 
it  is  evident  to  obferve,  that  the  change  of  colour 
could  not  be  owing  to  evaporationy  as  Mr,  Cigna 
VoL.  Ill  B b . con- 
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conjeftures.  This  experiment  I repeated,  without 
previoufly  moiftening  the  bladder,  and  with  the  very 
fame  refult. 

I obferved  alfo,  that  when  I cut  out  a piece  of 
the  crafTamentum,  and  left  the  remainder  in  the 
Veflel  with  the  ferum,  not  only  that  part  of  the  fur»« 
face  which  was  expofed  to  the  air,  but  that  which 
was  furrounded  with  ferum,  and  even  covered  with 
it  to  the  depth  of  feveral  inches,  acquired  the  florid 
colour ; fo  that  this  deep  covering  of  ferum,  which 
mull  have  effedluaily  prevented  all  evaporation,  was 
no  more  an  impediment  to  the  mutual  adlion  of 
the  blood  and  the  air,  than  the  bladder  had  been. 
The  ferum  of  the  blood,  therefore,  appears  to  be  as 
wonderfully  adapted  to  anfwer  its  purpofe,  of  a 
vehicle  for  the  red  globules,  as  the  red  globules 
themfelves  : for  the  flighted:  covering  of  water,  or 
Jalivay  effedlually  prevents  the  blood  from  acquir- 
ing its  florid  colour  5 and  M.  Cigna  found  that  this 
was  the  cafe  when  it  was  covered  with  oil. 

That  it  is  really  the  aky  a<5ting  through  the  fe- 
rum, and  not  the  ferum  itfelf,  that  gives  the  florid 
colour  to  the  blood,  is  clearly  afcertained  by  the 
following  experiment.  I took  two  equal  portions 
of  black  blood,  and  put  them  into  equal  cups,  con- 
taining equal  quantities  of  ferum,  which  covered 
them  to  the  depth  of  half  an  inch.  One  of  thefe 
cups  Handing  in  the  open  air,  and  the  other  being 

placed 
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placed  under  an  exhaufted  receiver,  the  former  pre- 
fently  acquired  a florid  colour,  while  the  other  con- 
tinued twelve  hours  as  black  as  at  firfl.  Being 
taken  out  of  the  receiver,  it^  flood  all  night  in  the 
open  air  without  becoming  red,  and  continued  black 
^ver  after,  even  when  the  ferum  was  poured  off. 

I alfo  more  completely  fatisfied  myfelf  of  the  in- 
fluence of  the  air  upon  the  blood,  through  a body 
of  ferum,  by  the  reverfe  of  this  experiment.  For 
I found  that  red  blood  became  black  through 
the  depth  of  two  inches  of  ferum,  when  the  vefTel 
containing  it  was  expofed  to  phlogiflicated  air ; fo 
that  the  red  globules  of  the  blood  both  receive,  and 
part  with  phlogifton  by  means  of  the  air,  notwith- 
flanding  the  interpofition  of  a large  body  of  the 
fluid  in  which  they  naturally  float. 

It  mufr  not,  however,  be  inferred  in  all  cafes, 
that  blood  becomes  black  by  imbibing  phlogifton 
ab  extra.  For  if  time  be  given  for  it,  this  change 
of  colour  may  arife  from  internal  caufes,  as  from 
putrefa6Hon,  even  when  blood  contains  the  leaft 
phlogifton  poftible.  To  try  this,  I took  a fmall 
quantity  of  perfedly  florid  coloured  blood,  and 
putting  it  into  a clean  glafs  tube,  fealed  it  hermeti- 
cally; when  I found  that,  notwithftanding  it  was 
by  this  means  cut  off  from  all  communication  with, 
external  fubftances,  it  became  black  in  a few  days. 

B b 2 And 
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And  another  quantity,  kept  in  the  fame  manner^ 
but  in  a warm  place,  became  black  much  fooner. 

Except  ferum,  milk  is  the  only  animal  fluid  that 
I have  tried,  through  which  the  air  can  a6t  upon 
blood : for  black  blood  became  red  when  it  was 
plunged  in  milk,  in  the  fame  manner  as  if  it  had 
been  covered  with  ferum.  In  urine,  indeed,  black 
blood  becomes  inllantly  red ; but  this  is  not  owing 
to  the  adion  of  the  air,  through  the  urine,  but  to 
the  faline^nature  of  that  fluid.  This  makes  it  pro- 
bable that  the  rednefs  of  the  blood  is  owing  not 
only  to  its  parting  with  phlogiflon,  but  to  imbibing 
the  acidifying  principle  from  the  dephlogifticated 
air. 

In  fome  cafes,  care  mufl;  be  taken  to  diftinguifii 
the  floridnefs  with  which  fome  detached  parts  of  a 
quantity  of  blood  are  tinged,  from  that  which  pene- 
trates the  folid  parts  of  it.  In  Jalivay  and  in  water 
impregnated  with  alkaline  fait,  fixed  or  volatile,  and 
alfo  in  fpirit  of  wine,  the  extreme  angles  and  edges 
of  pieces  of  crafTamentum,  and  fmall  detached  parts, 
floating  in  thofe  liquors,  will  appear  of  a very  florid 
red,  while  the  compadl  nriafs  of  blood  continues 
dark.  The  florid  colour  of  the  prominent  and 
detached  parts^  in  thefe  cafes,  feems  to  be  the  mere 
efledl  of  the  minute  divifion  of  the  parts  of  the  craf- 
famentum  in  the  fluid  in  vrhich  thofe  parts  floatj 
5 when 
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when  at  the  fame  time  it  has  no  fuch  effect  on 
thofe  parts  which  reiTiain  compadb,  nor  has  the  air 
the  leaft  power  of  adting  on  the  blood  through  the 
Jiquon 

I had  imagined^  that  fince  black  blood  contains 
more  phlogifton  than  red  blood,  that  difference 
would  have  appeared  in  the  air  produced  from  them, 
either  by  being  (imply  diffolved  in  fpirit  of  nitre, 
or  when  dried  and  made  into  a palte  with  that  acid. 
But  the  difference  was  too  fmall  to  be  fenfible  to 
this  kind  of  ted.  For  this  purpofe,  however,  I had 
fome  blood  drawn  from  the  vein  of  a (beep,  and 
alfo  took  fome  that  came  firft  after  killing  it,  as 
the  butchers  ufually  do,  by  dividing  the  carotid  ar- 
tery ; but  though  I diffolved  the  black  part  of  the 
former,  and  the  red  part  of  the  latter,  in  equal  quan- 
tities of  the  fame  fpirit  of  nitre,  I found  no  fenfible 
difference  in  the  air  that  they  yielded.  The  air 
that  I got  from  them  when  dried,  and  made  into 
a pafte  with  fpirit  of  nitre,  was  iikewife  equally  in- 
diftinguiihable.  The  quantity  of  air  from  this  pro- 
cefs  was  very  great,  and  was  produced  irregularly, 
as  I have  obferved  it  to  have  been  when  produced 
by  a folution  in  fpirit  of  nitre  without  drying.  Half 
of  this  produce  was  fixed  air,  and  the  reft  phlogifti- 
cated,  except  that  a candle  burned  in  it  with  a lam- 
bent blue  flame.  It  is  evident,  however,  from  this 
experiment,  that  even  the  moft  florid  blood  con-. 
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tains  a confiderable  quantity  of  phlogiftonj  for, 
otherwife,  this  air  would  have  been  dephlogifti- 
cated. 

J would  conclude  this  paper  with  obferving,  that 
I have  found  a very  great  difference  in  the  conftitu- 
tion  of  blood  with  refped^to  its  property  of  being 
affeded  by  the  influence  of  the  air ; fonae  becoming 
very  foon  of  a light  florid  colour,  and  the  ftratum 
of  this  colour  foon  growing  very  thick ; whereas, 
in  other  cafes,  the  colour  of  the  blood  in  the  moil 
favourable  circumftances,  has  continued  much  dark* 
er,  and  the  lighter  colour  has  never  penetrated  very 
far. 

As  the  principal  ufe  of  the  blood  feems  to  be 
derived  from  its  power  of  receiving  and  difcharging 
phlogifton,  and  the  degree  in  which  it  poATelfes 
this  power  is  eafily  afcertained  by  the  eye,  it  might 
not,  perhaps,  be  unworthy  of  being  particularly  at- 
tended to  by  phyficians.  To  eftimate  the  good- 
nefs  of  blood,  according  to  this  criterion,  nothing 
is  requifite  but  to  obferve  the  lightnefs  of  the  colour, 
and  the  depth  of  the  light  coloured  flratum,  after  it 
has  been  expofed  to  the  air  for  a given  time.  In 
cafes  in  which  the  blood  is  unufually  black,  and  but 
little  affedled  by  common  air,  it  fhould  fecm,  that 
breathing  a purer  air  might  be  prefcribed  with  ad- 
vantage. 

In 
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In  general,  the  blood  that  I have  been  able  to 
procure  in  the  city  has  not  been  fo  good  as  that 
which  I have  got  in  the  country ; owing,  perhaps, 
to  the  cattle  having  been  much  driven,  and  heated 
before  they  were  killed. 


SECTION  II, 


(y  the  Confumption  of  dephlogifticated  Air  in  Rejpi^ 
ration. 


HEN  I wrote  the  obfervations  on  the  fub- 


^ ▼ je6t  of  Refpirationy  recited  in  the  preceding 
fedtion,  I fuppofed  that  in  this  animal  proeefs  there 
was  fimply  an  emiffion  of  phlogifton  from  the 
lungs.  But  the  refult  of  my  late  experiments  on 
the  mutual  tranfmiffion  of  dephlogifticated  air,  and 
of  inflammable  or  nitrous  air,  through  a moift  blad- 
der, interpofed  between  them,  and  likewife  the  opi- 
nions and  obfervations  of  others,  foon  convinced 
me,  that,  befldes  the  emiffion  of  phlogifton  from 
the  blood,  dephlogifticated  air,  or  the  acidifying 
principle  of  it,  is  at  the  fame  time  received  into  the 
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blood.  Still,  however,  there  remained  a doubt 
how  much  of  the  dephlogifticated  air,  which  we 
inhale,  enters  the  blood,  becaufe  part  of  it  is  em- 
ployed in  forming  the  fixed  air^  which  is  the  pro- 
duce of  refpiration,  by  its  uniting  with  the  phlo- 
gifton  difcharged  from  the  blood.  For  fuch,  I 
take  it  for  granted,  is  the  origin  of  that  fixed  air,  fince 
it  is  formed  by  the  combination  of  the  fame  prin- 
ciples, in  other,  but*  'exa<5tly  fimilar,  circum- 
ftances. 

Dr.  Goodwyn's  very  ingenious  obfervations  prove 
that  dephlogifticated  air  is,-  as  he  properly  terms  it, 
conjumed  in  refpiration  5 but  for  any  thing  that  he 
has  noted,  it  may  be  wholly  employed  in  forming 
the  fixed  air  above-mentioned.-  He  has  proved, 
indeed,  that  the  application  of  deplogifticated  air  to 
the  outfidp  of  a vein,  will  change  the  colour  of  the 
blood  contained  in  it.-  But  this  might  have  been 
effedled,  as  I firft  fuppofed,-  by  the  fimple  difcharge 
of  phlogifton  from  the  blood;^  when  it  had  an  oppor- 
tunity of  uniting  with  the  dephlogifticated  air  thus 
prefented  to  it.  He  does  not,  however,  feem  to 
fuppofe  that  there  is  any  phlogifton  difcharged  from 
the  blood  in  the  zd:  of  refpiration,  but  only  that  de- 
phlogifticated air  enters  into  it.  But  that  my  for- 
mer fuppofition,  as  well  as  his,  is  true,  will  appear, 
' 1 prefume,  from  the  experiments  which  I fliall  pre- 
fently  recite,; 
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As,  in  order  to  determine  what  proportion  of 
the  dephlogifticated  air,  deftroyed  by  refpiration,  is 
employed  in  forming  the  fixed  air  which  is  the  pro- 
duce of  it,  it  was  neceffary  to  afcertainas  exadlly  as 
poflible,  the  proportion  of  dephlogifticated  air  and 
of  phlogiflon,  in  the  compofition  of  fixed  air,  I re- 
peated, with  particular  care,  experiments  fimilar 
to  thofe  which  I had  formerly  made  for  that  pur- 
pofe. 

I heated  charcoal  of  copper^n  41  oz.  m.  of  de- 
phlogifticated air,  of  the  ftandard  ofo.33,  till  it  was 
reduced  by  wafhing  in  water  to  8 oz.  m.  of  the 
ftandard  of  1.33.  Again,  I heated  charcoal  of  cop- 
per in  40.5  oz.  m.  of  dephlogifticated  air,  of  the 
ftandard  of  0.34,  till  it  was  reduced  to  6 oz.  m.  of  the 
ftandard  of  1,76;  and  in  each  of  thefe  cafes  there 
was  a lofs  of  6 grs.  of  the  charcoal  of  copper,  fo 
that  there  cannot  be  more  than  6 grs.  of  phlogifton 
in  33  oz.  m.  of  fixed  airj  and  confequently  that 
only  a very  little  more  than  one  fourth  of  the  weight 
of  fixed  air  is  phlogifton. 

I heated  perfe6liy  well  burned  charcoal  of  wood, 
in  60  oz.  m.  of  common  air,  and  found  one  fifth  of 
the  remainder  to  be  fixed  air,  and  the  refiduum  of  the 
ftandard  of  1.7.  Laftjy,  I heated  eight  grains  and  a 
quarter  of  perfevft  charcoal  in  70  oz.  m.  of  dephlogiftir 
cated  air,  of  the  ftandard  of  0.46,  when  it  ftill  continu- 
ed 7Q  oz.  m.  but  after  wafhing  ig  water,  it  wa$  reduced 
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t0  40  0z.  m.  of  the  ftandard  of  0.6,  and  the  char- 
coal then  weighed  one  grain  and  a quarter ; fo  that 
from  this  experiment  with  common  charcoal,  as  well 
as  from  the  preceding  with  charcoal  of  copper,  it  ap- 
pears that  about  one  fourth  of  the  weight  of  fixed  air 
is  phlogifton,  and  confequently  that  the  other  three 
fourths  are  dephlogifticated  air. 

Having  done  this,  I proceeded  to  afcertain  how 
much  fixed  air  was  aftually  formed  by  breathing  a 
given  quantity  Both  of  atmofpherical  and  of  de- 
phlogifticated air,  in  order  to  determine  whether 
any  part  of  it  remained  to  enter  the  blood,  after 
forming  this  fixed  air. 

For  this  purpofe,  I breathed  in  100  oz.  m.  of  at- 
mofpherical air,  of  the  ftandard  of  1.02,  till  it  was 
reduced  to  7 1 oz.  m.  and  by  waftiing  in  water,  to 
65  oz.  m.  of  the  ftandard  of  1.45.  When  the  com- 
putations are  properly  made,  as  diredfed  in  a for- 
mer article,  it  will  appear,  that  before  the  procefs 
this  air  contained  67.4  oz.  m.  of  phlogifticated  air, 
and  32.6  oz.  m.  of  dephlogifticated  air  j that  after 
the  procefs  there  remained  53.105  oz.  m.  of  phlo- 
gifticated air,  and  11.895  oz.  m.  of  dephlogifticated 
air,  and  that  there  were  only  6 oz.  m.  of  fixed  air 
produced,  for  the  quantity  abforbed  during  the  pro- 
cefs could  only  have  been  very  inconfiderable.  It 
will  therefore  be  evident,  that,  in  this  experiment, 
20.7  oz.  m.  of  dephlogifticated  air,  which  would 
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weigh  1 2.42  grs.  difappeared ; whereas  all  the 
fixed  air  that  was  found  would  only  have  weighed 
4.4  grs.  and  one  fourth  of  this  being  phlogifton,  the 
dephlogiftated  air  that  entered  into  it  would  have 
weighed  only  3.3  grs.  confequently  9.12  grs.  of  it 
muft  have  entered  the  blood,  which  is  three  times 
as  much  as  that  which  did  not  enter,  but  was  em- 
ployed in  forming  the  fixed  air  in  the  lungs. 

I breathed  in  100  oz.  m.  of  dephlogifticated  air, 
of  the  flandard  of  i.o,  till  it  v/as  reduced  to  58  oz.  m. 
and  by  walking  in  water  to  52  oz.  m.  of  the  ftan- 
dard  of  1.75,  with  two  equal  quantities  of  nitrous 
air.  The  computations  being  made  as  before,  it 
will  appear  that  before  this  procefs  this  air  contain- 
ed 66  oz.  m.  of  phlogifticated  air,  and  34  oz.  m. 
of  dephlogiflicated  air ; and  that  after  the  procefs 
there  were  30.368  oz.  m.  of  phlogifticated  air,  an^d 
21.632  oz.  iTii  of  dephlogiflicated  air.  In  this  cafe, 
therefore,  the  dephlogiflicated  air  that  difappeared 
w^as  13.3  oz.  m.  weighing  7.8  grs.  and  the  fixed 
air  was  6 oz.  m.  weighing  4.4  grs.  fo  that  here  alfo 
about  three  times  as  much  entered  the  blood,  as 
did  not. 

* Thefe  experiments  I repeated  many  times,  and 
though  not  with  the  fame,  yet  always  with  fimilar 
refults,  the  greater  part  of  the  dephlogiflicated-  air, 
but  never  the  whole,  pafting  the  membrane  of  the 
lungs,  and  entering  the  blood. 
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When  the  refults  above-mentioned  are  compared, 
it  will  appear,  though  the  obfervation  efcaped  Dr. 
Goodwyn,  that  part  of  the  phlogifticated  air  entered 
the  blood,  as  well  as  the  dephlogifticated  air;  or 
which  is  the  fame  thing,  that  the  dephlogifticated 
air  which  was  confumed  was  not  of  the  pureft  kind. 
This  experiment  I repeated  fo  often,  and  always 
with  the  fame  refult,  that  I am  confident  I cannot 
be  miftaken  in 'this  conclufion.  This  fadl,  of  which 
I had  no  previous  expedtation,  I firft  thought  might 
be  accounted  for  by  fuppofing  that  the  two  con- 
ftituent  parts  of  atmofpherical  air,  vjz.  the  phlogif, 
ticated  and  dephlogifticated  air,  are  not  fo  loojely 
mixed  as  has  been  imagined,  but  rather  that  they 
have  feme  principle  of  union ; fo  that  though  they 
may  be  completely  feparated  by  fome  chemical  pro- 
cefles,  they  are  not  entirely  fo  in  this ; but  that  the 
dephlogifticated  air  pafling  the  membrane  of  the 
lungs,  carries  along  with  it  fome  part  of  the  phlo- 
■gifticated  air  with  which  it  was  preyioufly  com- 
bined, But  at  the  obliging  fuggeftion  of  Dr.  Blag- 
den,  I now  think  it  more  probable  that  the  deficiency 
of  phlogifticated  air  was  owing  to  the  greater  pro- 
.portion  of  it  in  the  lungs  after  the  procefs  than  be- 
fore. 

When  I breathed  dephlogifticated  air  that  was 
very  pure,  I generally  found  lefs  lofs  of  phlogifticated 
air,  and  in  one  cafe  (which  is  therefore  not  to  be  de- 
pended upon)  there  feemed  to  be  an  increafe  of  it. 

There 
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There  will  always  be  fome  uncertainty  in  the  re- 
fults  of  the  long  continued  refpi ration  of  any  kind 
of  air,  as  at  the  laft  the  operation  becomes  laborious, 
and  the  quantity  infpired  and  expired  is  therefore 
much  greater  than  at  the  firft.  But  I was  aware 
of  this  circumftance,  and  endeavoured  to  obviate 
the  effedls  of  it,  by  leaving  off  with  my  lungs,  as 
nearly  as  I could  judge,  in  the  fame  ftate  of  dif- 
tention  as  when  I began,  which  was  always  after  a 
moderate  expiration  j fo  that  two  or  three  ounce 
meafures  would  have  made  a very  fenfible  differ- 
ence, as  any  perfon  will  find  by  adtual  trial. 
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SECTION  III. 

Of  the  Refpration  of  Fijhes. 

HAVI  N G difcovered,  as  I apprehend,  that  the 
principal  ufe  of  the  lungs^  and  of  the  bloody 
is  to  difcharge  phlogifton  from  the  animal  lyftem, 
in  a ftate  proper  to  diminifh  refpirable  air,  and  to 
render  it  unfit  for  refpiration,  I was  willing  to  try 
whether  fijhes^  which  do  not  breathe  as  other  ani- 
mals, part  with  phlogifton  to  the  water  in  which 
they  live,  and  with  that  view  I put  two  fifties  (a 
pretty  large  perch  and  an  eel)  into  a pail  of  water ; 
and  when  they  had  been  in  it  about  twenty  four 
hours,  I nearly  filled  a large  phial  with  it,  and  in  it. 
I agitated  a fmall  quantity  of  common  air  between 
fix  and  feven  minutes,  and  then  found  that  it  was 
confiderably  injured  by  the  operation.  Two  mea- 
fures  of  this  and  one  of  nitrous  air  occupied  at  firft 
the  fpace  of  tw’^o  meafures  and  one  fixth,  and  by 
ftanding  feveral  days  was  never  lefs  than  two  mea- 
fures. But  when  I agitated  an  equal  quantity  of 
air  in  the  fame  quantity  of  the  fame  water,  in  which 
no  fifties  had  been  confined,  and  for  the  fame  fpace 
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of  time,  it  did  not  appear  to  have  been  injured  ex- 
cept in  the  flighteft  degree. 

It  is  evident,  therefore,  that  phlogifton  is  dif- 
charged,  from  filhes  as  well  as  from  other  animals, 
that  this  phlogifton  affedts  the  water,  and  that  this 
water  affedbs  the  air  that  is  agitated  in  it,  and  in 
the  fame  manner  as  the  fifties  themfelves  would 
have  affedled  it,  if  it  had  been  pofTible  for  them  to 
breathe  it. 

I afterwards  repeated  thefe  experiments  with  ar^ 
attention  to  more  circumftances  5 and  they  both  con- 
firm and  extend  my  former  general  conclufions. 

Having  at  hand  fome  water  from  the  Hot-well 
at'Briftol,  which  I had  found  to  contain  air  in  a 
ftate  of  great  purity,  I completely  filled  a large 
phial  with  it,  and  I put  into  it  a few  very  fmall 
fifties,  which  I had  provided  for  the  purpofe  of  thefe 
and  other  experiments.  They  were  minows,  and 
other  fmall  fifties,  about  two  inches  in  length.  In 
this  water  they  were  confined  without  any  acceft  of 
common  air  till  they  died. 

After  this  I took  equal  quantities  of  the  water  in 
which  the  fifties  had  died,  and  of  that  out  of  which 
it  had  been  taken,  when  they  were  confined  in  it  5 
and  I expelled  from  both  all  the  air  which  they 
would  yield.  That  from  the  water  in  which  no 
fifties  had  been  put,  exceeded  in  quantity  that  from 
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the  water  in  which  they  had  been  donfined  in  the 
proportion  of  three  to  two ; and  examining  the  qua- 
lity of  both  thefe  quantities  of  air,  by  the  teft  of  ni- 
trous air,  the  former  exceeded  the  latter  in  a ftill 
greater  proportion.  The  air  from  the  water  in 
which  no  <fifhes  had  been  confined  w^as  about  the 
ftandard  of  common  air,  but  that  which  had  been 
contaminated  by  the  refpiration,  as  I may  fay,  of 
the  fifhes,  though  not  thoroughly  phlogifticated,  was 
fonlething  worfe  than  air  in  which  a candle  juft  goes 
out.  I ftiould  probably  have  found  it  ftill  worfe 
than  this,  if  I had  expelled  and  examined  the  air 
"immediately ; but  the  water  remained  in  an  open 
veflel  all  night  before  I made  the  experiment  up- 
on it. 

'From  this  experiment  it  may  be  concluded  with 
certainty,  that  air  contained  in  water,  in  an  unelaftic 
ftate,  is  as  neceflary  to  the  life  of  fifhes,  as  air  in  an 
claftic  ftate  is  to  that  of  land  animals. 

I had  no  doubt,  therefore,  ^ but  that  putting  fifties 
into  water  impregnated  with  air  that  was  thoroughly 
phlogifticated,  would  be  injurious,  if  not  fatal  to 
them,  as  much  as  the  fame  kind  of  air,  in  an  elaftic 
ftate,  is  to  land  animals  5 and  this  was  verified  by 
the  follov/ing  experiments  i from  which,  however, 
it  appears  that  fifties,'  like  infedts,  and  fome  other 
exanguious  animals,  can  live  a confiderable  time 
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without  any  thing  equivalent  to  refpiration.  What 
limits  that  time  has,  may  in  fome  meafure  appear 
from  thefe  obfervations. 

I began  with  water  that  contained,  as  far  as  we 
are  able  to  difcover,  no  air  at  all.  For  it  was  rain 
water,  that  had  been  recently  boiled  a confiderable 
time.  The  veffel  contained  about  three  pints  of 
it  j and  into  this,  without  admitting  any  air, 
I put  nine  of  the  fmall  fifhes  above-mentioned,  and 
they  lived  in  it  between  three  and  four  hours.  This 
experiment  refembles  the  putting  of  frogs  arid  fer- 
pents  into  a vacuum,  only  that  there  was  no  expan- 
fion  of  air  contained  in  them,  to  fwell  their  bodies  in 
this  cafe. 

Taking  the  fame  water,  which  as  I obferved, 
contained  litde  or  no  air,  I made  it  imbibe  as  much 
as  I could  of  a quantity  that  had  been  phlogifticated 
with  iron  filings  and  fulphur,  fix  months  before. 
Of  this,  however,  the  water  would  take  but  very 
little.  Into  a pint  of  this  water,  thus  imperfedly 
impregnated,  I put  two  of  the  fifhes,  and  they  lived 
in  it  near  an  hour.  The  refult  was  the  fame  when 
I impregnated  an  equal  quantity  of  the  fame  water 
with  inflammable  air.  For  in  this  cafe  alfo  the  two 
fifhes  lived  about  an  hour.  This  experiment  re- 
fembled  the  putting  of  mice,  and  other  land  ani- 
mals, into  phlogifticated  or  inflammable  air;  which 
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is  known  to  be  fatal  to  them,  but  more  fuddenl)r 
than  this  water  was  to  the  fifhes,  owing,  I fuppofe, 
to  its  imperfedt  impregnation. 

That  excellent  anatomift,  Mr.  John  Hunter, 
told  me,  that  fifhes  would  not  live  in  water  im- 
pregnated with  fixed  air.  I repeated  the  experi- 
ment, and  found  that  fmall  fifhes  would  not  live  in 
this  kind  of  water  more  than  a few  minutes.  At 
the  fame  time  I had  the  curiofity  to  try  how  they 
would  be  affedled  by  water  impregnated  with  nitrous 
air,  and  obferved  that  they  were  affeded  in  the 
fame  manner,  but  much  more  violently;  being 
thrown  into  the  greatefl  agitation  the  moment  they 
were  put  into  it,  and  moving  about  with  the 
greatefl  rapidity,  till  they  became  languid  and 
died. 

Though  at  that  time  I took  all  the  care  I could 
to  prevent  the  decompofition  of  the  nitrous  air,  that 
remained . after  the  operation,  filling  the  phial  in 
which  theprocefs  was  made  with  frefh  water  by  means 
of  a funnel,  &c.  flill  a decompofition  of  fome  fmall 
part  of  it  would  neceffarily  be  made,  before  I could 
poflibly  flip  the  funnel  into  the  neck  of  the  phial. 
To  prevent  this,  I now  introduced  the  fifhes  into 
the  veflel  in  which  I had  impregnated  the  water 
while  it  remained  inverted  in  the  bafon,  the  re- 
mainder of  die  nitrous  air  not  imbibed  by  the  water, 
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ftill  refting  upon  it.  The  phial  I ufed  contained 
fomething  more  than  a pint^  and  the  nitrous  air  oc- 
cupied about  one  fourth  of  it. 

Into  this  veffeh  thus  prepared,  I introduced  two 
of  my  fmall  fifties,  arid  they  continued  very  quiet, 
without  being  feized  with  any  convulfions,  ten  mi- 
nutes, or  a quarter  of  an  hour,  before  they  died. 
The  caufe  of  the  convulfions,  therefore,  in  the  for- 
mer experiment,  muft  have  been  not  the  nitrous  air^ 
properly  fpeaking,  but  the  nitrous  acid^  though  in 
fo  very  fmall  a quantity,  diffufed  in  the  water,  and 
a6ting  like  the  fixed  air  (which  is  only  another  kind  of 
acid)  in  the  water  impregnated  with  it.  Whereas 
in  this  experiment  the  fifties  were  no  otherwife  af- 
feded  than  they  were  in  the  water  impregnated  with 
phlogifticated  or  inflammable  air,  except  that  the 
water  imbibed  much  more  of  the  nitrous  air,  and 
on  that  account  was  fooner  fatal  to  them. 
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SECTION  IV. 

Of  the  Biminution  of  Nitrous  Air  in  Confequence  of  its 
being  confined  in  a Bladder  in  certain  Circumfiayues. 

AS  the  obfcrvations  I made  on  the  action  of 
one  kind  of  air  on  another,  through  a moift 
bladder,  greatly  illuftrate  the  experiments  in  which 
the  blood  is  adled  upon  through  the  membrane  of 
the  lungs,  I fhall  infert  them  in  this  place.  The 
compofition  of  fixed  air,  as  inferred  from  this  pro- 
cefs,  was  mentioned  before. 

Having  had  frequent  occafion  to  put  a quan- 
tity of  nitrous  air  into  a bladder ^ in  order  to  tranf- 
fer  it  from  my  trough  of  water  to  vefTels  placed 
in  different  parts  of  the  room,  I generally  left  the 
bladder  with  the  remainder  of  the  air  in  the  trough 
of  water,  without  preffmg  it  out  into  a jar,  efpe- 
cially  when  I knew  that  I fhould  have  occafion  for 
it  foon  afterwards  5 and  the  trough  being  large 
enough,  it  was  no  inconvenience  to  me  to  let  the 
bladder  of  nitrous  air  be  fwimming  about  in  it, 
while  I was  intent  upon  other  experiments.  But  fe- 
veral  things  led  me  to  fufpedl:,  that  nitrous  air  kept 
in  a bladder,  in  thefe  circumftances,  was  liable  to 
I be 
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be  impaired  ; and  it  did  not  anfwer  my  purpofe  in  a 
variety  of  experiments  fo  well,  as  that  which  had 
been  kept  much  longer  in  the  jars,  in  the  fame 
trough  of  water. 

As  to  the  quantity  of  the  air,  I had  not,  for  a long 
time,  given  much  attention  to  it  \ till  fometimes 
finding  it  much  lefs  than  I expeded  (the  bladdejr 
evidently  containing  but  little,  when  I perfedly  re- 
coliefbed  that  I had  left  a good  deal  in  it)  I was 
forced  to  attend  to  that  circumftance ; and  after  I 
had,  in  fome  meafure,  inveftigated  this  curious  fadt, 
I was  a long  time  exceedingly  at  a lofs  to  account 
for  the  capital  circumftances  of  it. 

I had  the  lefs  fufpicion  of  nitrous  air  undergoing 
any  confiderable  change  in  a bladder,  from  my  hav.- 
ing  at  one  time  kept  a quantity  of  it  in  a dry  bladder 
about  three  weeks,  without  any  fenfible  diminution 
of  its  virtue. 

After  this  previous  information,  I fhall  now  pro- 
• eeed  to  prefent  my  reader  with  a view  of  the  fadls, 
juft  as  they  occurred  to  myfelf. 

On  the  loth  of  March,  1776,  I could  not  help 
obferving  that  a large  quantity  of  nitrous  air,  which 
had  been  left  in  a bladder,  was  greatly  diminifhed  j it 
having  been  left  very  buoyant,  and  being  now  almoft 
funk  underwater.  This  prompted  me  to  examine 
the  ftate  of  the  air  contained  in  it,  when  I found  it 
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to  be  mere  phlogifticated  air,  not  at  all  afFeding. 
common  air,  and  extinguifhing  a candle.  Now,  as 
part  of  the  fame  nitrous  air  had  ftood  all  the  time  in 
a glafs  jar,  in  the  fame  trough  of  water,  without 
fuffering  any  fenfible  change,  the  difference  between 
them  was  evidently  owing  to  the  different  manner 
in  which  they  had  been  kept. 

In  order  to  determine  by  what  degrees  this  un- 
doubted diminution  of  nitrous  air,  when ‘kept  in  a 
bladder,  would  proceed,  I put  a certain  quantity  of 
it  into  a bladder,  and  let  it  fwim  about  my  trough 
as  ufual  \ when  I found  that,  in  the  fpace  of 
one  day,  it  was  diminifhed  one  fourth  of  its  bulk, 
and  the  next  day  only  half  of  it  remained,  when  it 
was  frill  confiderably  nitrous.  Had  I continued  it 
longer,  the  remainder  would  certainly  have  been 
phlogifticated  air,  as  before. 

In  order  to  determine  whether  this  remarkable 
effedt  was  neceffarily  occafioned  by  the  bladder  in  all 
circumftances,  I thrufta  bladder  up  into  ajar  con- 
taining nitrous  air  ; but,  though  it  had  fometimes 
its  infide^  and  fometimes  its  outfide  in  conta6t  with 
the  air,  and  was  kept  there  a fufficient  time,  no 
change  was  produced  in  the  air.  But  when,  im- 
mediately upon  this,  I transferred  the  air  into  the 
fame  bladder,  and  let  it  fwim  about  the  trough,  as 
ufual,  the  change  was  effefled  as  quickly  as  before  i 
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and  being  in  a"lliort  time  diminifhcd  to  one  fourth 
of  its  bulk,  it  appeared  to  be  nothing  more  than 
phlogifticated  air. 

To  try  the  effedt  of  the  bladder  in  another  man- 
ner,' I filled  one  quite  full  of  nitrous  air,  and,  tying 
it  up,  confined  it  under  the  fhelf  of  my  trough, 
where  it  was  kept  entirely  covered  with  water  ; but 
though  it  continued  in  this  fituation  a whole  week, 
the  quantity  was  not  diminifhed,  nor  was  the  qua- 
lity of  it  fenfibly  changed  ; at  leafh  not  more  than 
would  have  been  the  cafe  if  it  had  been  kept  in  the 
jar  the  fame  length  of  time.  At  the  fame  time  I 
had  filled  another  bladder  with  nitrous  air,  and  tying 
it  up,  had  left  it  with  its  neck  downwards  in  a fmall 
quantity  of  water,  fo  that  by  far  the  greateft  part 
of  the  bladder  was  expofed  to  the  common  air. 
The. quantity  of  this  air  was  impaired  a little.  Then, 
without  untying  either  of  the  bladders,  I left  them 
both  to  fwim  about  in  my  trough,  and  in  two  days 
only  the  air  in  both  of  them  had  nearly  loft  its  pro- 
perty of  diminifhing  common  air ; but  ftill  that 
which  had  been  kept  covered  with  water  retained  ra^ 
ther  more  of  its  virtue  than  the  other. 

Since  nitrous  air  had  kept  very  well  when  it  was 
confined  there  in  a dry  bladder,  or  one  that  was  con- 
ftantly  wet^  1 now  concluded  that  the  diminution  of 
the  air  in  the  bladder  fwimming  about  in  the  trough 
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muft  have  been  occafioned  by  that  part  which,  in 
this  fituation,  muft  have  been  expofed  to  be  alter- 
nately wet  and  dry,  or  only  partially  moift. 

To  determine  this,  \ filled  two  bladders  quite  full  ' 
of  nitrous  air,  and,  in  order  to  make  a little  varia- 
tion in  the  experiment,  had  one  of  them  wetted  in 
the  infide,  and  the  other  quite  dry ; and  during  two 
or  three  days  I wetted  them  two  or  three  times  a 
day,  fuffering  them  to  become  quite  dry  at  intervals. 
After  this  time  they  both  appeared  to  be  fhrunk  to 
about  one  fourth  of  their  dimenfions,  and  the  air 
within  them  was  become  quite  phlogifticated.  At 
the  fame  time  another  bladder  wetted  in  the  infide 
when  it  was  filled,  but  not  wetted  any  more,  conti- 
nued fully  inflated  three  weeks ; and  being  then  ex- 
amined, the  quality  of  the  air  it  contained  was 
found  to  be  very  little  impaired.  But  I was  not 
aware  that  if  the  bladder  had  been  kept  conftantly 
moift,  the  fame  efFed  would  have  been  produced  in 
much  lefs  time. 

Being  now  fatisfied  with  refpe6t  to  the  circum- 
ftances  in  which  the  nitrous  air  had  been  dimiriifhed 
in  my  bladders,  I wifhed  to  afcertain  the  manner  in 
which  the  water  was  affedted  by  that  decompofition, 
and  I foon  found  that  it  had  acquired  a confiderable 
quantity  of  phlogifton.  For  this  principle  was  rea- 
dily communicated  to  the  air  contained  in  the  jars 
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that  flood  in  the  fame  trough  of  water,  and  had  in- 
jured the  air  contained  in  them,  in  proportion  as 
they  had  been  more  or  lefs  expofed  to  its  influence. 

For  example,  the  air  contained  in  feveral  jars 
(landing  in  the  trough  of  water,  in  which  was  fwim-  x 
ming  a large  open  bladder  filled  with  nitrous  air, 
and  which,  as  it  fubfided  by  the  diminution  of  the 
air,  had  been  kept  fupplied  with  frefh  nitrous  air 
from  time  to  time,  I found  to  be,  in  all  of  them,  more 
or  lefs  injured,  and  in  thofe  mofl  of  all  that  were  mod 
expofed  to  the  body  of  water  in  the  trough  ; as 
particularly  in  one  jar  that  was  fo  poifed  as  to  fwim 
about  in  it,  and  another  that  was  placed  with  its 
mouth  half  over  the  (helf  As  to  thofe  that  flood 
wholly  on  the  fhelf,  the  water  in  the  infide  of  them 
had  but  little  communication  with  the  phlogiflicated 
water  in  the  trough,  and  in  them  the  air  was  but 
little  affedled, 

It  was  flill  more  evident  that  the  water,  in  conta6l 
with  which  nitrous  air  is  thus  decompofed,  was  be- 
come very  acid. 

Having  put  rain  water  into  a bladder,  and  filled 
it  up  with  nitrous  air,  I tied  it  up  very  clofe,  and  left 
it  to  fwim  in  a bafon  of  water,  taking  care  that  the 
mouth  of  it  was  always  under  the  water.  After  a 
week,  perceiving  that  it  was  fhrunk  up  to  about  one 
fourth  of  its  bulk,  I opened  it,  carefully  preffing  out 
the  water  into  a clean  phial  j when  I found  die  air 

within 
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within  it  thoroughly  phlogifticated,  not  afFeding  • 
common  air  in  the  fmalleft  degree,  and  the  water 
was  exceedingly  acid,  very  turbid,  a little  inclined 
to  yellow,  and  prefently  made  a depofit  of  the  fame 
colour. 

This  refult  proves  what  I was  not  aware  of  at  the 
time,  viz.  that  the  acidifying  principle  in  the  at- 
mofpheric  air,  had  communicated  through  the  blad- 
der with  the  nitrous  air  within  it,  and  by  that  means 
formed  nitrous  acid,  while  the  phlogifton  of  the 
nitrous  air  had,  in  like  manner,  been  communicated 
to  the  acidifying  principle  on  the  outfide  of  the 
bladder,  and  with  it  had  formed  fixed  air,  as  I ob- 
ferved  afterwards.  The  fame  was  the  effed  when 
inflammable  and  dephlogifticated  air  were  feparated 
by  a moift  bladder,  as  has  been  feen.  . 
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experiments  and  observations 
relating  to  several  substances 
CONTAINING  phlogiston. 


PART  1. 

EXPERIMENTS  ON  CHARCOAL. 


SECTION  I. 

Experiments  and  Ohjervations  on  Charcoal^  firfl  pub- 
lijhed  in  the  Philojophical  Eranfa^iions^  VoL  EX, 

21 1. 

Among  the  original  experiments,  publifhed  in 
the  Hiftory  of  Ele6tricity,  was  an  account  of 
the  conducing  power  of  charcoal.  This  fubftance 
had  been  confidered  by  eledricians,  in  no  other  light 
than  that  of  more  perfe6i:ly  baked  wood,  which  is 
known  to  be  no  condu6lor  of  eledtricity.  I have  even 
heard  of  atternpts  being  made  to  excite  it  5 and 
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though  thofe  attempts  were  inefFedtual,  the  failure 
of  fuccefs  was  attributed  to  other  caufes  than  that 
of  charcoal  being  no  electric  fubftance;  fo  fixed 
was  the  perfuafion,  that  water  and  metals  were  the 
only  conduddng  fubftances  in  nature.  The  con* 
fideration  of  the  chemical  properties  of  charcoal, 
which  are,  in  many  refpeds,  remarkably  different 
from  thofe  of  the  wood  from  which  it  is  made, 
might  have  led  philofophers  to  fufped,  that  fince, 
after  its  being  reduced  to  a coal,  it  was  become 
quite  another  thing  from  what  it  was  before,  it 
might  poffibly  differ  from  wood  in  this  property ; 
but  this  confideration  had  not  been  fufficiently  at- 
tended to. 

In  the  account  of  my  former  experiments,  I ob- 
ferved,  that  there  were  very  great  differences  in  the 
conducting  power  of  charcoal,  and  particularly  of 
wood  charcoal,  though  I could  not  determine  on 
what  circumftances  in  the  preparation,  &c.  thofe 
differences  depended.  I therefore  expreffed  a wifli, 
that  fome  perfon,  who  had  conveniencies  for  mak- 
ing chemjcal  experiments,  would  profecute  the  in- 
quiry, as  one  that  promifed,  not  only  to  afcertain 
the  caufe  of  the  conducting  power  of  charcoal,  but 
perhaps  of  conducing 'power  univerjally.  Not.  hear- 
ing that  any  chemift,  or  eleCtrician,  has  attended  to 
this  bufinefs,  I have,  at  length,  refumed  the  fubjeCt, 
though  not  with  every  advantage  that  I could  have 
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^vi^hed.  I have,  in  a great  meafure,  however,  fuc- 
ceeded  in  the  principal  objed  of  my  inquiry  j and 
I lhall  now  lay  before  this  fociety  the  refuk  of  my 
experiments  and  obfervations. 

I fhall  begin  with  correding  a miftake  I Jay  un- 
der at  the  time  that  I made  the  former  experiments. 
Having  been  informed  by  pcrfons,  who  attend  the 
making  o{ pit  char  coal it  was  confiderablyincreaf- 
ed  In  bulk  after  the  procefs  3 I imagined  that  all  other 
fubftances  received  an  increafe  of  bulk,  when  they 
were  reduced  to  a coal  but  the  firft  experiments 
that  I made,  convinced  me  of  my  miftake.  All 
vegetable  fubftances  are  confiderably  contraded  in 
all  their  dimenfions,  by  the  procefs  of  coaling,  and 
the  more  perfed  this  procefs  is  (that  is,  as  will  be  ' 
explained  hereafter,  the  greater  is  the  heat  that  is 
applied  in  the  courfe  of  it)  the  greater  is  the  dimi- 
nution. I have  even  reduced  pieces  of  wood  to 
little  more  than  one  fourth  of  their  original  length 
and  breadth,  in  a common  fire,  by  the  ufe  of  a pair 
of  hand-bellows  only.  And  this  was  the  cafe  equal- 
ly with  wood  of  the  firmed:  texture,  as  ebony ; that 
of  a middle  texture,  as  oak ; and  that  of  the  loofeft, 
as  fir,  &c. 

As  moifture  (and,  I believe,  fmall  degrees  of 
heat  or  cold)  affeds  wood  much  more  fenfibly 
ucrojs  the  fibres  than  along  them,  it  might  have 
been  fuppofed,  that  when  wood  was  reduced  to  a 
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coal  by  the  application  of  a greater  degree  of  heat>  - 
the  fame  rule  would  have  been  obferved;  but  I 
found  very  little  difference  in  this  refpeft.  To  af- 
certain  this  circumflance,  I took  from  the  fame 
board,  two  pieces,  each  two  inches  and  a half  in 
length.  In  one  of  them,  the  fibres  were  divided^ 
in  the  other  they  were  not ; and  after  coaling  them 
thoroughly  together,  in  the  fame  crucible,  I found 
that  the  former  meafured  2.05  inches,  and  the  latter 
2.15.  Their  conducing  power  could  not  be  dif- 
tinguifhed. 

A more  particular  account  of  the  degree,  in 
which  wood  is  fhortened  in  coaling,  will  be  feen  af- 
terwards, when  the  variations  in  this  refpedt  arc 
compared  with  the  variations  in  the  power  of  con- 
ducing eleCricity. 

■ T o my  great  furprize,  I found  animal Juhftances 
not  reduced  in  their  dimenfions  by  the  procefs  of 
coaling.  This,  at  lead,  was  the  cafe  with  fome 
pieces  of  ivory ^ feveral  inches  in  length,  and  a piece 
of  hone.  They  bore  a very  intenfe  heat  for  many 
hours,  and  came  out  of  the  crucible  confiderably 
diminifhed  in  weight,  but  hardly  fo  much  as  dif- 
torted  in  their  fhape,  as  is  remarkably  the  cafe  with 
wood,  and,  I believe,  all  vegetable  fubftances. 

In  examining  mineral  fubftances,  I found  that 
my  information,  mentioned  above,  was  juft.  Coals 
are  very  much  enlarged  in  their  dimenfions  by 
5 charring ; 
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charring;  but  the  experiment  muft  be  made  with 
great  care,  to  judge  of  this  eircumfiiance ; for,  un- 
lefs  the  operation  be  very  flow,  the  coal  will  retajn 
nothing  of  its  former  fhape,  having  been  made, 
in  fome  meafure,  fluid  by  the  heat.  The  infide  of 
all  pieces  of  pit-charcoal  is  full  of  cavities,  and  there 
is  generally  a very  large  one  in  the  centre  of  every 
piece ; fo  that  the  dilatation  is  nothing  like  the  ex- 
tenflon  of  fibres ; but  is  produced  by  the  elafticity 
of  the  new-formed  vapour,  in  forcing  its  way  out, 
while  the  fubflance  is  foft. 

With  refped:  to  the  main  objedb  of  my  inquiry, 
I prefently  fatisfied  myfelf,  that  the  condudling 
power  of  charcoal  depends  upon  no  other  circum- 
ftance  than  the  degree  of  heat y that  is  applied  in  the 
procefs  of  making  it.  I had  not  fufpedled  this ; but 
numberlefs  experiments  clearly  proved  it.  Taking 
an  iron  pot,  filled  with  fand,  and  putting  into  it 
pieces  of  wood,  cut  out  of  the  fame  plank,  mark- 
ing them,  and  carefully  noting  their  places  in  the 
pot,  I always  found  that  thofe  pieces  came  out  the 
befl  condudors,  that  had  been  expofed  to  the  greateft 
heat.  The  refult  was  the  fame  when  I made  coals 
of  bits  of  wood,  placed  one  above  another,  in  a gun- 
barrel,  one  end  of  which  was  made  red  hot,  and 
the  reft  gradually  cooler  and  cooler. 

Taking  pieces  of  charcoal  that  conduded  very 
imperfedly,  or  not  at  all,  I never  failed  to  give 

them 
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them  the  ftrongeft  conducing  power,  by  repeating 
the  procefs  of  coaling,  either  in  a crucible,  or  in  a 
gun-barrel,  covered  with  fand,  and  kept  in  an  in- 
tenfe  heat. 

I could  not  find  that  the  mere  continuance  of 
the  fame  degree  of  heat  had  any  effedl  with  refpe^b 
to  the  conducing  pov/er  of  charcoal. 

Mr.  Macquer,  and  other  chemifts,  define  char-  ' 
coal  to  be  wood  burned^  without  being  Juffered  to  flame ; 
but,  with  refpe61:  to  its  conducing  power,  and,  I 
make  no  doubt,  with  refpedt  to  all  its  other  effentiai 
properties  alfo,  it  makes  no  difference  whether  it 
flame  or  not.  I have  coaled  pieces  of  wood,  both 
in  gun- barrels,  and  in  crucibles,  flightly  covered 
with  fand,  and  have  let  the  inflammable  vapour  that 
exhaled  from  them  take  fire,  at  various  diffances 
from  the  fubffances ; and  I have  alfb  put  pieces  of 
wood  in  an  open  fire,  and  urged  the  heat  applied  to 
them,  with  a pair  of  bellows ; and  in  all  thefe  cafes 
have  found  the  charcoal  equally  good.  In  the  laft 
method,  indeed,  very  little  of  the  fubflance  is  pre- 
ferved  ^ but  the  little  that  doth  remain,  after  it 
hath  ceafed  to  flame,  whether  it  be  quenched  im- 
mediately, or  not,  condufe  as  well  as  any  charcoal 
whatever.  But  we  can  hardly  be  fure  that  the 
fame  degree  of  heat  is  given  to  every  part  of  a 
piece  of  wood,  except  it  be  expofed  to  it  for  fome 
time  5 and  in  an  open  fire,  urged  with  a pair  of 
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bellows,  the  wood  wades  as  fad  as  it  is  red  hot, 
before  the  center  of  it  is  much  affeded  with  the 
heat. 

When  once  any  degree  of  condu6ling  power  is 
given  to  a piece  of  charcoal,  I never  found  that  it 
was  afterwards  ledened.  A partial  confuming  of 
it  in  an  open  dre  doth  not  affecd  the  remainder, 
as  I obferved  in  the  account  of  my  former  experi- 
ments. 

I had  imagined,  that  the  Jolidity  of  fubdances  con- 
verted into  charcoal,  would  have  had  a very  con- 
fiderable  effed  on  their  condu6ling  power  afterwards ; 
but  the  conjecture  was  not  confirmed  by  experi- 
ment. Coals  made  of  the  lighted  woods  condu6t- 
ed,  as  far  as  I could  perceive,  as  well  as  thofe 
that  were  made  from  the  mod  fblid,  if  they  had 
been  expofed  to  the  fame  degree  of  heat  in  the 
procefs.  Fine  diavings  of  fir,  the  fine  coats  of  an 
onion,  the  lighted  foot,  and  every  other  vegetable 
fubdance  that  I tried,  conducted  equally  with  coals 
made  of  oak  or  ebony. 

I had  imagined,  alfo,  that  the  moment  a piece 
of  wood  was  become  black  with  heat,  it  was,  to  all 
intents  and  purpofes,  a real  charcoal;  and,  along 
with  the  other  properties  of  charcoal,  would  con- 
dut:  electricity,  more  or  lefs ; but  I found,  by  coal- 
ing feveral  pieces  very  dowly,  that  they  would  not 
condu6l  in  the  lead  degree,  not  only  when  they  v/ere 
VoL.  III.  Dd  made 
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made  fuperficially  black,  but  likewife  when  they 
were  black  quite  through,  and  had  remained  a long 
time  in  the  heat  that  made  them  fo ; fo  that  no 
eye  could  diftinguilh  them  from  the  moft  perfect 
charcoal. 

I have  fometimes  found  charcoal  in  fuch  a ftate, 
that  it  would  affift  the  paffage  of  an  explofion  along 
its  furface,  when  it  would  not  condud  a fhock  any 
other  way. 

In  order  to  fatisfy  myfelf  in  what  proportions  the 
diminution  of  weighty  the  decreafe  of  bulky  and  the  con-^ 
dudiing  power  of  wood  and  charcoal,  correfponded 
to  one  another,  I took  feveral  pieces  from  the  fame 
plank,  and  having  carefully  weighed  and  meafured 
them,  converted  them  into  coal  very  flowly,  and 
by  a gradual  increafe  of  heat,  on  an  iron  plate, 
held  on  the  fire,  turning  them  conftantly,  to  pre- 
vent their  catching  fire.  The  following  were  the 
refults. 

A piece  of  very  old  dry  oak,  weighing  twelve 
grains,  and  which  conduded  in  the  imperfed  man- 
ner that  wood  generally  does,  from  the  moifture  it 
contains,  was,  after  the  lofs  of  about  one  grain,  no 
condudor  at  all ; and  it  continued  the  fame  as  baked 
wood,  till  it  was  reduced  to  four  grains,  when  it 
was  black  quite  through ; and  even  then,  no  part 
of  it  conduded,  except  one  corner,  where  it  had 
catched  fire. 
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Another  piece  I carefully  weighed,  and  meafured 
feveral  times  in  the  courfe  of  the  procefs.  At  firft 
it  weighed 

Gr.  Length.  Bread.  Thick. 

1%  its  dimeniions  in  inches  were  2.  .45  .la 

At  8 2.  .4  .12 

— 5.5 1.91  .4  .12 

— 3-5 -35 

It  was  now  become  an  imperfedl:  condu6tor.  I then 
urged  it  with  a ftrong  heat,  in  a crucible,  and  taking 
it  out,  it  weighed  1.75  gr.  and  meafured  1.6  in 
length,  and  .3  in  the  other  dimenfions.  It  was  now 
a perfe61:  condu6tor ; and  though  I afterwards  kept 
it  in  a very  intenfe  heat  feveral  hours,  by  which  it 
was  reduced  to  one  grain  in  weight  its  conducing 
power  was  not  fenfibly  increafed ; but  it  was  be- 
come very  brittle,  or  friable. 

It  appears  from  thefe  experiments,  that  thefe 
pieces  of  wood  were  reduced  to  about  one  fourth 
of  their  weight  before  they  would  condudl  at  all  j 
though,  at  the  fame  time,  they  were  diminifhed  in 
length  (L  e.  along  the  fibres)  only  one  tenth.  The 
breadth  and  thicknefs  could  not  be  meafured  with 
fufficient  accuracy  in  thefe  fmall  pieces.  To  make 
them  perfect  condudors,  they  were  reduced  to  about 
one  tenth  in  weight,  and  one  half  in  length. 

A variety  of  circumftances  led  me  to  conclude, 
that  the  caufe  of  hlacknefsy  and  of  the  conduding 
D d 2 power 
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power' in  charcoal,  is  the  oil  of  the  plant,  made 
empyreumatic,  and  burned  to  a certain  degree.  I 
therefore  conclude  that  thefe  properties  are  fome 
way  connecled  with  'that  part  of  the  inflammable 
principle,  otherwife  called  phlogifton,  that  is  fixed' 
and  united  to  the  earth  of  the  plant,,  when  the 
union  is  frrengthened  by  an  intenfe  heat. 

The  Jandy  with  which  I covered  the  fubflances 
that  I converted  into  coals,  and  alfo  the  pipe-clay 
which  I fometimes  put  over  them,  contradled  a 
blacknefs  like  charcoal,  and  would  often  condudl 
pretty  well.  Sometimes  they  would  eondu6l  a 
fliock.  This  mufl:  have  been  owing  to  the  oil  they 
received  from  the  fubflances  out  of  which  it  was 
expelled  by  the  heat.  In  the  experiment  of  the 
gun-barrel  filled  with  pieces  of  wood,  mentioned 
above,  the  uppermofl  pieces  were  not  in  the  leafl 
burned.  They  could  hardly  have  been  hot;  yet, 
having  contra6led  a fuperficial  blacknefs,  from  the 
vapour  of  the  oil  expelled  from  the  piece  below 
them,  they  would  'even  conduct  a fhock,  though 
not  in  the  mofl  perfe6l  manner. 

Sometimes  thofe  fubflances  that  had  no  phlogif- 
ton themfelves,  but  received  it  in  confequence  of 
being  placed  in  the  neighbourhood  of  other  bodies 
out  of  which  it  was  expelled,  would  not  condud: 
imir*ediately ; but  would  be  made  to  do  fo  by  be- 
ing expofed  to  a greater  heat,  which  more  tho- 
roughly 
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roughly  burned  the  oil  with  which  their  pores  were 
filled 

I put  a piece  of  a common  pipe  into  a crucible,  in 
which  1 was  burning  fomie  turpentine  (which  will 
be  mentioned  below)  and  it  came  out  black  quite 
through,  like  a pipe  in  which  tobacco  has  been 
frequently  fmoked.  In  this  flate  it  would  not  con- 
du6l  at  all ; but  putting  it  into  a crucible,  covered 
with  fand,  I treated  it  in  the  fame  manner  as  I would 
have  done  a piece  of  wood,  in  order  to  coal  it,  and 
it  came  out  a very  good  condudlor.  Had  it  been 
burned  in  the  open  fire,  the  phlogifton  would  have 
efcaped,  and  the  pipe  would  have  been  left  white, 
as  at  firfl. 

Being  convinced  that  the  conduftlng  power  of 
charcoal  depended  upon  the  oil,  or  rather  the 
phlogifton  contained  in  the  oil,  and  on  the  degree 
of  heat  with  which  it  was  burned,  I took  feveral 
methods  to  give  vegetable  fubftances  more  of  this 
principle ; or  at  leaft  endeavoured  to  make  them 
retain  more  of  it  than  they  ufually  do,  in  the  pro- 
cefs  of  coaling.  But  I had  no  apparent  fuccefs  in 
thofe  experiments. 

I began  with  plunging  a piece  of  old  dry  oak  in 
oil ; and  then,  pumping  the  air  out  of  it,  let  it  ftand 
In  vacuo  a day  and  night,  in  which  time  it  feemed 
to  difeharge  a great  quantity  of  air ; after  which  I 
let  the  air  into  the  receiver,  and  thereby  forced  the 
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oil  into  its  pores.  But  the  coal  from  this  wood 
was  not  fenlibly  better  than  others.  The  appli- 
cation of  hiat  may,  perhaps,  expel  the  phlogifton 
in  fuch  a manner,  that  the  refiduum,  being  fully 
fatu rated,  can  retain  no  more  than  a certain  pro- 
portion. I made  coals  of  other  pieces  of  wood, 
when  they  were  covered  with  cement ; and  I alfo 
coaled  feveral  pieces  together,  that  they  might  re- 
ceive phlogifton  from  one  another;  but,  in  both 
cafes,  without  any  fenfible  improvement  in  the 
quality  of  the  coal. 

In  order  to  prevent  the  efcape  of  the  phlogifton 
belonging  to  the  fubftance  to  be  reduced  to  a coal, 
I put  fome  pieces  of  wood  into  a gun-barrel,  and 
corked  it  as  clofe  as  I could,  at  the  fame  time  cover- 
ing the  cork  with  cement.  In  this  cafe  the  rare- 
fadion  of  the  exhaling  vapour  never  failed  to  drive 
the  cork  out ; but  it  muft  have  been  after  a con- 
fiderable  refiftance  to  its  efcape.  However,  I could 
not  perceive  any  peculiar  excellence  in  the  charcoal 
made  in  this  manner. 

I do  not,  indeed,  know  any  itiethod  in  which 
differences  in  fubftances  that  condudl  fo  well  as 
thefe  can  be  accurately  tried,  at  leaft  none  that  can 
be  applied  in  this  cafe.  The  charcoal  I can  make 
in  a common  fire,  by  the  ufe  of  a pair  of  hand-bel- 
lows, I cannot  diftinguifh,  with  refpedl  to  its  con- 
ducing power,  from  the  moft  perfeC  metals,  gold 
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and  filver;  either  by  the  length  of  the  eleflric 
fpark,  the  colour  of  it,  or  the  found  of  the  explo- 
fion.  I make  no  doubt  but  that  wood,  in  the  pro- 
cefs  of  coaling,  may  eafily  have  a degree  of  con- 
ducting power  communicated  to  it,  exceeding  that 
of  lead,  iron,  or  the  other  more  imperfeCl  me- 
tals. 

We  may,  perhaps,  be  guided  in  our  conjectures 
on  this  fubjeCl,  by  confidering  the  degree  of  heat 
that  is  necelTary,  either  to  unite  the  phlogifbon  to  its 
bafe,  or  to  feparate  them,  both  in  the  cafe  of  wood, 
and  the  different  metals.  Lead  is  very  eafily  cal- 
cined, and  it  is  alfo  known  to  conduCl  eleCtricity 
very  imperfeClly.  Iron  foon  turns  to  ruft ; and  its 
conducting  power  I found  to  be  very  fmall,  in  com- 
parifon  with  that  of  copper,  or  the  more  perfeCl 
metals.  If,  therefore,  in  making  charcoal,  a degree 
of  heat  be  applied  greater  than  is  neceffary  to  cal- 
cine or  revive  a m^etal,  we  may  perhaps  conclude, 
that  the  conducting  power  of  the  charcoal  will  be 
fuperior  to  that  of  the  metal.  As  it  may  be  poffible 
to  give  charcoal,  when  cut  off  from  any  communi- 
cation with  the  external  air,  a greater  degree  of  heat 
than  filver  or  gold  would  bear  without  being  dif- 
fipated  in  vapour ; it  may  even  be  poffible  to  make 
charcoal  that  lhall  conduCt  eleCtricity  better  than 
thofe  moft  perfeCt  metals. 
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Had  there  been  any  phlogifton  in  water^  I fhould 
have  concluded,  that  there  had  been  no  conduddng 
power  in  nature,  but  in  confequence  of  fome  union 
of  this  principle  with  fome  bafe.  In  this,  metals 
and  charcoal  exa61:ly  agree.  While  they  have 
phlogifton,  they  conduct  3 when  deprived  of  it,  they 
will  not  condu6t*. 

1 believe,  however,  that  all  vegetable  or  animal 
fubftances,  that  contain  phlogifton,  may  be  reduced 
to  a coal  j and  if  the  heat  applied  in  the  procefs  be 
fufftcient,  that  coal  will  condudt  eledtricity.  Flefh, 
glue,  bones,  and  other  parts  of  an  animal  body, 
make  good  condu6tlng  charcoal. 

The  only  approach,  or  feeming  approach,  I ever 
made  towards  retaining  more  phlogifton  than  ufual, 
in  wood  reduced  to  a coal,  was  by  the  JlowneJs  of 
the  p'ocejs.  For  I always  found,  that  if  the  heat 
was  applied  very  gradually,  lefs  volatile  phlogifton, 
i.  e.  lefs  inflammable  air  was  expelled  \ and  there- 
fore I fuppofe  that  more  of  it  was  fixed.  I could 
never  afterwards,  by  equal  degrees  of  heat,  make 
this  coal  to  weigh  as  little  as  another  that  was  firft 
coaled  by  a fudden  heat.  This  agrees  with  thofe 
experiments  in  which  more  air  was  got  from  various 

^ As  water  attracts  dephlogifticated  air  from  the  atmofpherc, 
which  is  the  property  of  all  fubftances  containing  phlogifton,  it  is 
probable  from  this  circumftancc,  as  well  from  its  conducting  elec- 
tricity as  metals  do,  that  like  them  it  alfo  contains  phlogifton. 
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fubftances  by  a heat  fuddenly  applied,  than  by  the 
fame  degree  of  heat  applied  more  flowly. 

I took  two  pieces  of  dry  oak,  the  contiguous 
parts  of  the  fame  flick,  each  weighing  exadlly  four- 
teen grains.  One  of  thefe  I heated  fuddenly.  It 
yielded  eight  ounce  meafures  of  inflammable  air, 
and  then  weighed  two  grains.  The  other  I heated 
flowly,  but  as  vehemently,  at  the  laft,  as  the  other. 

It  yielded  only  one  ounce  meafure  and  a half^  and 
weighed  three  grains. 

I repeated  the  fame  experiment  feveral  times,  and 
always  with  nearly  the  fame  refult. 

Examining  the  conducing  power  of  the  pieces 
of  charcoal  made  with  thefe  different  circumflances 
in  the  procefs,  1 could  not  diflinguifh  which  was  ‘ 
better.  Perhaps  a more  accurate  method  of  trying 
them  might  fhow,  that  thofe  which  were  coaled 
flowly  were  the  better  condudlors ; unlefs,  which  is 
not  improbable,  the  goodnefs  of  the  conducing 
power  confifls  in  the  completenefs  of  the  union  that  is 
produced  between  the  inflammable  principle  and  its 
bafe,  which  will  depend  upon  the  degree  of  heat  on- 
ly, and  not  on  the  quantity  of  phlogifton  thus  united  to 
the  earth. 

N.  B.  To  catch  the  inflammable  air,  fet  loofe  in 
making  charcoal,  I put  the  fubflances  into  a gun 
barrel,  to  which  1 luted  a long  glafs  tube,  and  to 
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the  tube  I faftened  a bladder,  out  of  which  the  air 
was  carefully  prefled. 

As  metals  and  charcoal  agree  in  confiding  of 
phlogifton  united  to  an  earthy  bafe,  and  alfo  in  con- 
ducting electricity,  I fufpeCted  that  thefe  two  differ- 
ent fubftances  might  alfo  agree  in  their  readinefs  to 
expand  by  heat.  Mr.  Smeaton  was  fo  obliging  as 
to  aflift  me  in  my  attempts  to  afcertain  this  circum- 
ftance,  by  the  application  of  his  excellent  pyrometer. 
Though  we  could  not  make  the  experiment  with  all 
the  exaCtnefs  that  we  could  have  wiffied,  yet  the 
refult  of  near  thirty  trials  was  uniformly  in  favour 
of  the  greater  degree  of  expanfion,  by  heat,  in  the 
charcoal,  than  in  wood  of  the  fame  kind  (as  we 
imagined)  out  of  which  it  was  made.  In  general, 
the  expanfion  of  the  charcoal  was  about  double  to 
that  of  the  wood. 

It  is  evident,  that  a certain  degree  of  heat  makes 
wood  and  charcoal  expand  j and  alfo  that  a greater 
degree  of  heat  makes  them  contraCl.  I wifh  we  had 
an  inftrument  to  afcertain  the  precife  degree  of  heat,  at 
which  the  expanfion  ceafes,  and  the  contraction  be- 
gins ; and  whether  the  two  effeCts  be  produced  by 
the  fame  gradation. 

In  the  courfe  of  thefe  experiments  on  charcoal, 
I met  with  a fubffance,  the  conducting  power  of 
which  is  Angular,  and  exhibits  a beautiful  appear^ 
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ance.  In  order  to  fee  what  would  remain  after 
burning  a quantity  of  turpentine  in  a glafs  tube,  I 
covered  it  with  fand,  in  a crucible,  in  the  fame  man- 
ner in  which  1 ufed  to  make  charcoal ; and,  after 
letting  it  continue  a fufhcient  time,  in  a very  hot 
fire,  and  after  the  flame  had  long  ceafed,  I ex- 
amined the  tube,  and  found  that  it  had  been  melted ; 
but,  inftead  of  any  thing  like  charcoal,  or  the  leaft 
blacknefs,  I obferved  that  the  tube  was  uniformly 
lined  with  a whitijh  glojfy  matter ^ which  I could  not 
fcrape  off.  Upon  trying  whether  it  would  condudt 
eledricity,  I found  it  tranfmitted  the  fmallefl:  fhocks 
to  a conflderable  diflance ; and,  what  appeared  very 
remarkable,  the  path  of  the  explofion  was  luminous 
all  the  way,  and  feemed  to  confifl:  of  a prodigious 
number  of  fmall  feparate  fparks,  fcattered  to  a great 
diflance,  exhibiting  fuch  an  appearance  as  would  be 
made  by  firing  gunpowder  fcattered  carelefsly  in  a 
line.  The  explofion  very  much  refembled  the  fir- 
ing of  a fquib.  T o compare  it  to  another  eledlric 
appearance,  it  was  like  the  explofion  pafling  over  a- 
thin  furface  of  gilding. 

I imagine  that,  though  I could  not  perceive  any 
interruption  in  this  white  coating,  not  even  by  the 
help  of  a microfcope,  it  mufl,  in  fad,  have  been 
full  of  interflices,  and  the  eledric  fparks  could  only 
be  vifible  in  pafling  from  one  conduding  particle  to 
another. 
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In  this  experiment,  I often  got  pieces  of  glafs 
very  imperfedly  covered,  with  intervals  in  the  white 
coating  very  large  and  vifible  ; but,  though  I ex- 
pofed  the  fame  pieces  of  glafs  to  catch  more  of  this 
matter,  I never  could  get  a coating  of  it  fo  thick, 
but  that,  in  tranfmitting  the  eledrical  explofion 
through  it,  it  exhibited  the  fame  luminous  appear- 
ance, as  if  there  were  interftices  in  the  circuit. 

I got  the  fame  matter  from  oil  of  turpentine^  and 
cil  of  olives  i but  not  from  hees-wax:^  or  Jpermaceti 
oil.  Perhaps  it  cannot  be  got  from  any  animal 
fubftance. 

In  order  to  obferve  the  progrefs  of  this  incrufta- 
tion,  I poured  oil  of  turpentine  on  fome  flat  pieces 
of  glafs,*  and  burned  them  on  an  iron  plate,  in  the 
open  fire,  the  heat  being  moderate ; but  the  efFed 
was  a black  covering,  like  foot,  which  would  not 
condud  in  the  leafl:.  But  thefe  fame  pieces  of  glafs, 
thus  covered  with  the  black  coating,  being  put 
into  a crucible  full  of  fand,  and  urged  with  a ftrong 
heat,  came  out  white,  and  conduded  exadly  as 
before. 

With  a lefs  degree  of  heat,  the  black  covering 
was  changed  to  white  i but  it  did  not  adhere  fo  firm- 
ly to  the  glafs  as  when  the  heat  had  been  greater  ; 
though  it  adhered  more  clofely  than  the  black  co- 
vering, which  might  be  wiped  off  with  a feather. 
But  this  white  coating,  produced  by  a moderate 
heat,  would  not  condud  at  all. 
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In  fome  cafes  I have  found  this  whitifh  mat- 
ter to  be  difperfed  by  feveral  explofions,  as  Dr. 
Franklin  found  gilding  with  leaf-gold  to  be. 

In  whatever  manner  the  pieces  of  glafs  were  co- 
. vered,  the  coating  vanilhed  when  it  was  made  red 
hot  in  an  open  fire  5 and  the  glafs  that  remained 
would  not  condud,  any  more  than  it  did  before. 
This  circumftance  exadly  refembled  the  efcape  of 
phlogifton  from  charcoal  and  metal,  burned  in  the 
open  air. 

In  a microfcope,  this'  whitifh  matter  looked  ex- 
adly  like  metal,  or  rather  fome  of  the  femi- metals, 
hiving  a bright  polifh,  though  it  foon  became,  as 
it  were,  tarnifhed. 

T o try  whether  it  was  metal,  I dipped  the  pieces 
of  glafs  that  were  covered  with  it  in  the  acldsy  but 
found  that  they  had  little  or  no  effed  upon  it,  though 
it  is  by  no  means  fixed  in  the  pores  of  the  glafs,  but 
covers  it  quite  fuperficially. 

It  was  not  in  the  lead  affeded  by  the  magnet. 
Upon  the  whole,  the  matter  that  forms  this  coating 
of  the  glafs  feems  to  be  a kind  of  charcoal,  only 
white,  inftead  of  black. 
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SECTION  11. 


Experiments  on  Air  from  Charcoal, 

HE  examination  of  charcoal  is  now  confidered 


as  an  objedl  of  peculiar  importance  in  che- 
miftry  ; and  ever  fince  I had  difcovered  it  to  be  one 
of  the  beft  condu6lors  of  eleftricity  I have  given  par- 
ticular attention  to  it.  The  moft  important  of  the 
experiments  that  I have  made  refpedling  it  fince 
my  more  early  publications,  will  be  found  in  the  ac- 
count that  I have  given  of  the  decompofition  of  it 
by  fteam  in  a ftate  of  ignition.  In  this  fedtion  I fhall 
comprize  a variety  of  mifcellaneous  obfervations, 
fome  of  more,  and  others  of  lefs  importance.  Some 
of  them  alfo  are  repetitions  of  former  experiments, 
but  made  with  a better  apparatus,  and  with  an  at- 
tention to  more  circumftances. 

The  quantity  of  air  to  be  expelled  by  heat  from  dry 
wood  I have  frequently  eftimated ; but  having  now, 
by  the  affifliance  of  Mr.  Wedgwood,  the  advantage  of 
doing  every  thing  of  this  kind  in  very  compad  earthen 
retorts,  which  themfelves  give  no  air,  it  may  be 
worth  while  to  mention,  that  from  five  ounces  of 
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dry  oak  I got  650  ounce  meafures  of  air,  of  which 
about  one  half,  nearly  a third,  that  came  at  firft 
was  fixed  air,  the  remainder  being  inflammable, 
and  the  lafl:  portions  wholly  fo. 

The  property  that  charcoal  has  of  abforbing  air 
is  a remarkable  circumfliance,  firfl:  difliindly  ob- 
lerved  by  the  Abbe  Fontana  ^ but  ftill  there  are  fe- 
veral  particulars  relating  to  this  experiment,  fuch  as 
the  time  in  which  the  air  is  imbibed,  and  the  qua- 
lity of  it  when  it  is  again  expelled  by  heat,  &c.  that 
are  not  undeferving  of  notice.  And  though  I have 
not  purfued  this  fubjed  with  much  regularity,  I 
have  occafionally,  and  at  different  times,  made  ob- 
lervations  of  this  kind,  of  which  I fliall  here  give 
an  account ; propofing  to  refume  the  experiments, 
and  to  purfue  them  farther. 

From  789  grains  of  charcoal,  from  which  all 
air  had  been  expelled,  and  which  had  been  expofed 
to  the  atmolphere,  I got  thirty  ounce  meafures  of 
air,  no  part  of  which  .was  fixed  air,  but  all  phlo- 
gifticated,  extinguifhing  a candle  j being  of  the  ftan- 
dard  of  1.7.  Probably  pure  air  had  been  imbibed 
in  preference  to  any  other  ; becaufe  when  it  has 
been  made  to  imbibe  dephlogifiicated  air  only,  it 
comes  out  again  partially  phlogifticated.  I found, 
however,  confiderable  varieties  in  the  quality  of  air 
emitted  by  charcoal,  after  being  expofed  to  the  open 
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air,  as  well  as  other  circumftances  of  fome  confe- 
quence  relating  to  the  experiment. 

From  680  grains  of  charcoal,  which  had  been 
heated  four  times  before,  J got  forty  ounce  meafures 
of  air,  of  which  the  ilighteft  portion  imaginable  was 
fixed  air.  Of  the  reft,  towards  the  middle  of  the 
procefs,  the  ftandard  was  1.48,  and  the  laft,  1.52. 
The  next  day,  without  changing  the  retort,  or  mov- 
ing it  from  its  place,  having  only  left  it  with  its 
mouth  open,  to  give  it  an  opportunity  of  attracting 
more  air,  I heated  it  again,  and  got  about  two  ounce  ' 
meafures  of  air,  of  the  ftandard  of  1.5.  This  was 
much  lefs  than  I had  expected.  I then  tied  a blad- 
der to  the  mouth  of  the  retort  the  moment  it  ceafed 
to  give  air.  But  though  the  charcoal  was  fliaken 
out  of  the  retort  into  the  bladder  when  it  was  cold, 
very  little  air  had  been  abforbed  by  it.  It  then 
^weighed  560  grains.  But  having  been  thus  expofed 
to’the  open  air,  though  for  a fhort  fpace  of  time,  on 
being  again  immediately  fubjeefted  to  heat,  it  gave 
fifty  ounce  meafures  of  air,  the  ftandard  of  which 
varied  in  different  periods  of  the  procefs,  in  the  fol- 
lowing order:  1.54,  1.58,  1.7,  1.6,  andaboutone 
twentieth  of  the  whole  was  fixed  air.  Why  this 
fam^e  charcoal  fhould  give  fifty  ounce  meafures  of 
air  now,  and  only  forty  before,  1 cannot  tell.  Pro- 
bably a little  moifture  had  been  attracted  by  it. 

Being' 
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Being  willing  to  afcertain  the  weight  that  was 
gradually  gained  by  charcoal,  in  confcquence  of  be- 
ing expofed  to  the  open  air ; on  the  4th  of  Septem- 
ber I left  in  an  open  difh  charcoal  frefh  made  from 


dry  oak,  weighing  - 364  grains 

The  next  day  it  weighed  - 390 

Two  or  three  days  after,  - 397 

The  24th  of  Odlober  following  419 

The  26th  of  April  - 421 


It  appears,  therefore,  that  charcoal  frefh  made, 
only  abforbs  about  half  as  much  air  on  its  firlt  ex- 
poflire  to  the  atmofphere  as  it  does  in  a courfe  of 
time  afterwards. 

Judging  that  this  charcoal  would  not  now  acquire 
any  more  weight,  I fubje61;ed  it  to  heat  in  an  earthen 
retort ; and  having  got  from  it  a quantity  of  air 
that  was  conliderably  phlogifticated,  found  that  it 
weighed  3 1 2 grains,  but  the  retort  appeared  to  be 
cracked. 

Having  left  the  fame  charcoal  expofed  to  the 
open  air  a whole  year,  I weighed  it  again,  and 
found  it  to  be  371  grains.  That  this  charcoal 
Ihould  be  reduced  to  lefs  weight  than  it  had  been 
at  the  beginning  of  the  procefs,  I could  not  account' 
for  at  that  time  ; but  I now  do  it  by  fuppofing  that, 
together  with  air^  fome  moifture  had  been  imbibed  j 
and  this  would  help  to  decompofe  the  charcoal, 
when  it  was  fubjefted  to  the  fire  again,  as  is  explained 
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in  a preceding  article.  It  may,  however,  be 
determined  whether  the  air  expelled  from  char- 
coal by  heat,  be  the  air  which  it  had  imbibed, 
or  that  which  was  formed  by  the  decompofition  of 
the  charcoal  by  means  of  water.  For  this  will  be 
inflammable  air,  whereas  the  other,  as  appears  by 
thefe  experiments,  will  be  partially  phlogifticated. 

Having  gone  through  another  procefs  of  expcfing 
charcoal  to  air,  and  then  expelling  air  from  it  by 
heat,  I fhall  here  note  the  particulars  of  it. 

From  two  ounces  of  pounded  charcoal,  on  the 
noth  of  January,  I expelled,  by  means  of  a ftrong 
heat,  336  ounce  meafures  of  air,  and  weighing  it 
immediately  afterwards,  found  it  to  be  756  grains. 
On  the  23d  it  weighed  817  grains,  after  being  ex- 
pofed  on  a plate,  fo  as  to  lie  about  half  an  inch  in 
depth.  The  air  expelled  from  it  was  about  one 
tenth  fixed  air.  This  charcoal  I expofed  to  the 
fire  feveral  times,  the  laft  time  on  the  28  th  of  June  in 
the  year  following,  immediately  after  which  it 
weighed  7 1 1 grains.  Some  of  the  air  that  I got 
from  this  charcoal  was  inflammable,  burning  with  a 
lambent  blue  flame,  which  fliews  that  moifture  had 
been  imbibed  by  the  charcoal. 

I have  obferved,  that  when  charcoal  has  imbibed 
air,  it  will  give  it  out  again,  at  leaft  in  part,  on 
being  plunged  in  water,  as  well  as  by  being  ex- 
pofed to  heat.  I again  plunged  into  water  pieces  of 
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charcoal,  both  perfedly  and  imperfeftly  made,  af- 
ter having  been  fome  days  expofed  to  the  open  air, 
and  found  that  the  air  they  gave  out  in  this  way  was 
in  both  cafes  common  air.  It  is  evident,  there- 
fore, that  the  degree  of  phlogiftication  in  the  air, 
expelled  by  heat,  is  owing  to  the  decompofition  of 
the  charcoal. 

Having  repeated  the  Abbe  Fontana’s  experiments, 
by  introducing  hot  charcoal  through  mercury,  into 
veflels  containing  different  kinds  of  air,  and  being 
willing  to  recover  by  diftillation  the  mercury  that 
had  been  imbibed  by  the  different  pieces  of  char- 
coal, I at  the  fame  time  took  fome  notice  of  the  air 
that  came  from  them.  The  quantity  of  air  was 
very  confiderable,  but  1 took  no  exa6t  account  of  it. 
With  refpedt  to  its  quality,  it  was  partially  phlo- 
gifticated,  the  ftandard  of  it  being  about  1.6, 
though  the  laft  that  came  was  inflammable. 

In  my  experiments  relating  to  inflammable  air, 

I made  feveral  on  the  decompofition  of  charcoal  in 
the  fun,  the  general  refults  of  which  are  there  men- 
tioned ; but  as  the  particulars  were  not  many,  I 
fhall  here  recite  them.  It  is  only  to  be  obferved, 
that  at  the  time  that  I made  them  I was  under  a 
miftake  with  refpe6t  to  the  origin  of  the  air  I pro- 
cured, imagining  it  to  proceed  wholly  from  the 
charcoal ; whereas  I afterwards  found  that  a degree 
of  moifture,  to  which  I had  not  then  attended,  was 
E e 2 neceffary 
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necefTary  to  the  formation  of  that  air.  Thefe  ex- 
periments were  all  made  by  the  heat  of  the  fun  in 
vacuo. 

Four  grains  of  charcoal  treated  in  this  manner, 
yielded  twenty  ounce  meafures  of  air,  all  inflamma- 
ble, except  that  it  barely  made  lime  water  a little 
turbid;  but  without  any  diminution  that  I could 
meafure.  At  another  time  four  grains  of  charcoal 
gave  twenty  four  ounce  meafures  of  air,  no  part  of 
which  was  fixed  air. 

I entirely  difperfed  one  grain  of  charcoal  in  va- 
cuo, and  it  gave  fix  ounce  meafures  of  air,  with- 
out the  flightefl:  appearance  of  its  containing  any 
fixed  air.  This  charcoal  had  been  long  expofed  to 
the  open  air,  and  on  that  account  would  give  out 
more  air  than  it  otherwife  would  have  done. 

Four  grains  and  a half  of  charcoal  gave  twenty 
two  ounce  meafures  and  an  half  of  air  ; and  laftly, 
three  grains  and  three  quarters  gave  twenty  three 
.ounce  meafures  and  an  half  of  air,  without  the  leaft 
portion  of  fixed  air  in  it. 

I fliall  clofe  this  account  with  an  experiment,  in 
which  I proceeded  to  take  the  fpecific  gravity  of 
the  air  which  I got  in  thefe  procefles,  without  at 
the  time  drawing  a very  obvious  conclufion  from 
it.  From  about  two  grains  and  a half  of  charcoal 
of  oak,  I got  fifteen  ounce  meafures  and  a half  of 
inflammable  air,  no  part  of  which  was  fixed  air ; 
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and  weighing  this  air,  I found  that  twenty  ounce 
meafurcs  of  it  weighed  four  grains  and  a quarter 
lefs  than  the  fame  bulk  of  common  air.  Accord- 
ing to  this  proportion,  the  fifteen  grains  and  an  half 
of  inflammable  air  ought  to  have  weighed  5.96 
grains,  which  is  much  more  than,  the  weight  of  the 
charcoal.  But  though  I made  this  very  obferva- 
tion  at  the  time,  I did  not  then  infer,  that  water 
muft  enter  into  the  compofition  of  this  air,  having 
no  fufpicion  that  the  water  at  the  bottom  of  the  re- 
ceiver, feveral  inches  below  the  place  on  which  the 
charcoal  was  expofed  to  the  heat  of  the  lens,  could 
be  attracted  by  it.  Had  not  fubfequent  experi- 
ments fhewn  me  the  real  nature  of  this  inflamma- 
ble air,  this  experiment  mufl  have  remained  inex- 
plicable by  me.  At  the  yme,  I imagined,  I believe, 
that  the  additional  weight  of  the  air  was  owing  to 
the  extraneous  zvater  which  it  had  imbibed  in  being 
transferred  from  one  veffel  to  another. 

Having  made  the  preceding  experiments  with 
charcoal  from  wood^  I made  a fimiiar  one  with  that 
{rom  pit- coaly  and  I found  that  a piece  of  it,  heated 
in  vacuo,  yielded  four  ounce  meafures  of  air,  after 
having  loft  fomething  lefs  than  a grain  in  weight. 
The  air  had  in  it  a fmall  quantity  of  fixed  air,  but 
the  reft  was  all  inflammable.  The  charcoal  had 
been  a long  time  expofed  to  the  common  air. 
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After  the  preceding  experiments  with  charcoal, 
it  occurred  to  me  to  vary  them  by  making  ufe  of 
foot  s but  I was  much  furprized  Indeed,  to  find  that 
it  was  a fubftance  very  different  from  charcoal, 
with  which  at  firft  fight  it  might  feem  right  to  clafs 
it ; for  it  contained  a portion  of  pure  air.  A quan- 
tity of  it  being  put  into  an  earthen  retort,  and  ex- 
pofed  to  a firong  heat,  yielded  air  fo  pure,  that 
with  equal  quantities  of  nitrous  air,  the  teft  was  0.5, 
a degree  of  purity  far  exceeding  that  of  common 
air.  There  was,  however,  fome  inflammable  air 
mixed  with  it,  which  made  it  burn  with  a flight 
'blue  flame. 

Taking  fome  of  this  foot  from  which  air  had 
been  expelled  by  heat,  I again  expofed  it  to  the 
heat  of  4 burning  lens  in  vacuo,  and  from  a.  grain 
and  a half  of  it  got  fix  ounce  meafures  of  air,  all  in- 
flammable, and  burning  with  a blue  flame,  without 
any  fixed  air  in  it.  It  was,  therefore,  after  the  for- 
mer experiment,  a true  char  coaly  but  not  before. 

Some  experiments  I made  with  Homberg's  Pyro^ 
fhorusy  being  fimilar  to  thofe  made  with  charcoal, 
1 Ihall  add  them  here. 

Homberg’s  Pyrophorus  is  a fubftance  liable  to  be 
fpoiled  by  expofure  to  the  air.  I prepared  fome  of 
it,  with  a view  to  obferve  what  it  imbibed  from  the 
air,  and  with  it  I made  the  following  experiments. 
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It  was  compofed  of  two  parts  burned  alum,  one  of 
fait  of  tartar,  and  one  of  charcoal.  About  two 
ounce  meafures  of  this  pyrophorus  I fuffered  to 
burn  in  the  open  air ; and  then  in  an  earthen  retort, 

I extra6ted  from  it  144  ounce  meafures  of  air,  of 
which  one  half  at  the  firfl:  was  fixed  air,  but  at  the 
lafl  very  little-  The  refiduum  of  the  firfl  portion 
extlnguifhed  a candle,  but  that  of  the  lafl  burned 
with  a lambent  blue  •flame.  When  examined  with 
nitrous  air,  both  the  refiduums  were  of  the  ftandard 
of  about  1.8. 

The  pyrophorus  was  then  kept  two  days  in  the 
retort,  with  its  mouth  in  mercury,  and  then  being 
taken  out,  it  prefently  grew  hot,  and  burned  as  well 
as  ^ever.  Immediately  before  the  burning  it  weighed 
428  grains,  immediately  after  it  449  grains.  Hav- 
ing been  fpread  thin,  and  expofed  to  the  atmofphere, 
the  next  morning  it  v/eighed  828  grains ; but  when 
well  dried,  it  weighed  only  486  grains.  It  was 
then  fubje6led  to  a greater  heat  than  before,  and  it 
yielded  110  ounce  meafures  of  air,  the  firfl  portions 
of  which  were  half  fixed  air  ; but  the  lafl  contained 
very  little,  and  burned  with  a lambent  blue  flame. 
The  fubflance  then  weighed  396  grains. 

Afterwards  I took  a quantity  of  pyrophorus, 
which  would  not  take  fire  in  the  open  air,  and  heat- 
ing it  in  an  earthen  retort,  found  five  fevenths  of 
the  firfl  part  of  the  produce  fixed  air  5 but  this  pro- 
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portion  gradually  diminifhed,  till  at  lafl  nine  tenths 
of  the  whole  was  inflammable  air,  burning  with  a 
lambent  blue  flame.  This  inflammable  air  being 
decompofed  with  an  equal  quantity  of  dephlogifti- 
cated  air,  yielded  0.86  of  .a  meafure  of  fixed  air. 

Another  quantity  of  pyrophorus,  which  had 
burned  very  well,  and  which,  during  the  burning, 
and  in  two  days  expofure  to  the  atmofphere  after^ 
wards,  had  acquired  132  grains  in  weight,  being 
again  expofed  to  heat  in  an  earthen  retort,  gave  an 
hundred  and  eighty  ounce  meafures  of  air,  of  which 
the  firft  portion  was  three  fevenths  fixed  air,  and 
the  reft  phlogifticated.  But  afterwards  one  half  only 
was  fixed  air,  and  the  reft  inflammable,  burning 
with  a lambent  flame,  and  at  laft  it  was  wholly  in- 
flammable. When  this  pyrophorus  was  cool,  it 
took  fire  again  by  expofure  to  the  open  air,  but  not 
without  the  aflTiftance  of  fome  external  heat.  It 
had  been  red  hot  through  its  whole  mafs  at  the  firft 
burning  of  it,  and  had  continued  fo  a confiderablc 
time,  after  which  the  furface  of  it  was  flightly  co- 
vered with  white  afhes but  all  the  infide  was  as 
black  as  ever  it  had  been. 
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SECTION  III. 

Of  the  Charcoal  of  Metals. 

HAV  I N G tranfmitted  fteam^  or  the  vapour  of 
water,  through  a copper  tube,  I was  willing 
to  try  the  effedts  of  fpirit  of  wine  through  the  fame 
tube  when  red  hot,  as  I had  before  procured  in- 
flammable air  by  fending  the  fame  vapour  through 
a red  hot  tobacco-pipe.  In  this  cafe,  the  vapour 
of  the  fpirit  of  wine  had  no  fooner  entered  the  hoc 
copper  tube,  than  I was  perfedbly  aftonifhed  at  the 
rapid  produdlion  of  air.  It  refembled  the  blowing 
of  a pair  of  bellows.  But  I had  not  ufed  four 
ounces  of  the  fpirit  of  wine  before  I ^ery  unexpedl- 
edly  found,  that  the  tube  was  perforated  in  feveral 
places  5 and  prefently  afterwards  it  was  fo  far  deftroy- 
ed,  that  in  attempting  to  remove  it  from  the  fire  it 
adlually  fell  in  pieces.  The  infide  was  full  of  a 
black  footy  matter  refembling  lamp-black. 

Upon  this  I had  recourfe  to  earthen  tubes ^ and 
found,  that  by  melting  copper  and  other  metals  in 
them,  and  tranfmitting  the  vapour  of  fpirit  of  wine 
in  contaft  with  them,  different  fubftances  were 
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formed  according  to  the  metals  employed.  The 
new  fubftances  hereby  formed  may  be  faid  to  be 
the  feveral  metals  fuperfaturated  with  phlogifton, 
and  may  perhaps  not  be  improperly  called  the 
(harcoal  of  the  metals. 

That  this  appellation  is  not  very  improper,  may 
appear  from  thefe  fubftances  yielding  inflammable 
air  very  copioufly  when  they  are  made  red  hot, 
and  the  fteam  of  water  is  tranfmitted  in  contadt 
with  them,  jufl:  as  when  the  charcoal  of  wood  is 
treated  in  the  fame  manner. 

In  order  to  make  farther  obfervations  on  the 
nature  of  this  procefs,  I put  the  copper  into  an 
'earthen  tube,  on  which  I had  not  found  the  vapour 
of  fpirit  of  wine  to  have  any  adlion,  though  itfelf 
was  decompofed  in  pafTing  through  it,  being  chiefly 
converted  into  inflammable  air. 

In  the  firfl;  experiment  I fent  three  ounce  mea- 
fures  of  fpirit  of  wine  over  two  ounces  of  copper, 
in  a degree  of  heat  that  kept  it  juft:  melted.  This 
was  attended  with  a copious  prodiidlion  of  fuch  air 
as  would  have  come  from  the  fpirit  of  wine  only. 
But  what  furprized  me  moft  in  the  refult  was,  that, 
though  the  copper  had  loft  no  more  than  twenty 
eight  grains  of  its  weight,  1 adlually  colledled  446 
grains  of  the  charcoal ; chiefly  in  the  form  of  pow- 
der, though  fome  ^ of  it  confifted  of  large  flakes, 
feveral  inches  long  \ having  been  feparated  at  once 
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from  the  whole  furface  of  the  melted  copper.  Thefe 
pieces  bore  handling  without  any  danger  of.  break- 
ing, and  were  nearly  quite  black. 

In  another  experiment  I got  508  grains  of  char- 
coal from  nineteen  grains  of  copper.  But  this  was 
from  copper  in  thin  plates,  and  they  were  not  all 
converted  into  perfed  charcoal,  there  being  fome- 
thing  harder,  and  therefore  partially  metallic  in  the 
centers  of  them. 

Much  of  the  charcoal  was  difperfed  and  loft  in 
the  fine  black  powder  with  which  the  air  was  load- 
ed ; and  as  in  what  I colle61:ed  the  copper  was  only 
about  a fixteenth  part  of  the  compofition,  I think 
I may  venture  to  fay  that,  in  reality,  it  was  not 
more  than  a twentieth  part.  In  this  refpedt  it  re- 
fembles  the  charcoal  of  wood,  or  of  pit- coal,  in 
which  the  afties  bear  a very  fmall  proportion  to  the 
inflammable  air,"  or  phlogifton,  of  which  the  bulk 
of  the  charcoal  confifts.  This  charcoal  of  copper 
was  alfo  as  infoluble  in  acids  as  that  of  wood,  and 
it  likewife  refembles  it  in  other  refpeds. 

When  the  heat  in  which  this  procefs  is  conducted 
is  great,  the  minute  divifion,  and  volatility  of  this 
charcoal,  is  very  extraordinary.  Seeing  it  iffue  from 
the  end  of  a tube  in  a denfe  black  cloud,  I endea- 
voured to  colled  it  in  a large  glafs  balloon.  But 
after  having  given  the  balloon  an  uniform,  but  very 
thin  black  coating,  not  diftinguiftiable  in  its  ap- 
pearance 
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pearance  from  Joot^  it  ifllied  from  the  orifice  like 
denfe  iinoke.  I then  eonnedled  with  it  feveral 
adopters,  and  other  veflels,  to  which  it  gave  a fimi- 
lar  coating  ; and  laftly,  I plunged  the  tube  out  of 
which  it  finally  ifTued,  very  deep  in  a veffel  of 
water.  But  ftill  the  air  came  through  the  water 
loaded  with  the  fame  denfe  fmoke,  and  very  little 
of  the  matter  could  be  collefted^.  1 was  therefore 
fatisfied,  that  the  only  way  to  colle61:  any  confider- 
able  quantity  of  it,  was  to  make  ufe  of  a degree  of 
heat  juft  fufEcient  to  keep  the  copper  red  hot,  or 
rather  juft  melting. 

Spirit  of  turpentine  I found  to  anfwer  as  well  in 
the  produdbion  of  this  charcoal  as  fpirit  of  wine. 
In  this  procefs  I got  120  grains  of  charcoal  from 
five  grains  of  copper,  notwithftanding  a very  denfe 
black  fmoke  with  which  the  air  was  charged,  and 
in  which,  no  doubt,  a great  part  of  the  charcoal 
was  difperfed  and  loft. 

Having  procured  this  new  fubftance,  I proceeded 
to  make  feveral  experiments  upon  it ; and  was  much 
difappointed  in  finding  that  in  common  air  it  was 
only  melted  by  the  burning  lens,  and  that  the  heat 

^ The  incoercibility  of  this  foot,  in  the  form  of  vapour,  very 
much  refembles  that  of  the  denfe  vapour  produced  by  the  decom- 
pofition  of  inflammable  and  dephlogifticated  air,  of  w'hich  an  ac- 
count was  given  before,  both  of  them  paffing  through  water,  with- 
out being  retained  by  it. 
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had  not  (at  leaft  in  a fhort  time)  any  fenfible  effed 
upon  it.  But  in  dephlogifticated  air  (as  I fhall 
deferibe  more  particularly  in  the  fedion  relating  to 
fixed  air)  it  burned  rapidly,  and  converted  almofi: 
the  whole  of  it  into  fixed  air. 

It  will  not  be  thought  furprizing,  that  no  fenfible 
effe6t  fhould  be  produced  by  heating  this  fubftance 
in  inflammable  or  in  alkaline  air.  But  being  made 
red  hot  in  the  latter,  the  air  was  increafed  in  bulk, 
and  a confide rable  part  of  it  became  inflammable, 
as  it  would  have  been  by  heating  any  thing  elfe 
in  it. 

Confidering  this  fubllance  as  a charcoal^  and  be- 
ing engaged  at  the  time  of  my  difeovery  of  it,  in 
fuaking  fleam  of  water  pafs  over  charcoal  of  wood, 
confined  in  red  hot  earthen  tubes,  I treated  a quan- 
tity of  this  charcoal  ia  the  fame  manner,  and  the 
refult  was  fuch  as  might  have  been  expeded.  A 
quantity  of  inflammable  air  was  produced,  and  there 
remained  a lighter  coloured  fubftance,  which  may 
be  called  the  ajhes  of  the  metal.  Forty  grains  of 
this  charcoal  were  reduced  to  eighteen  by  this  treat- 
ment \ and  I colledled  about  200  ounce  meafures 
of  air,  which  was  very  turbid  in  its  firfl:  produflion, 
and  burned  with  a lambent  blue  flame. 

Having  firft  produced  this  charcoal  from  copper 
(owing  to  my  having  accidentally  found  that  the 
fpirit  of  wine  afted  upon  it)  I proceeded  to  try  the 
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cffe6t  of  the  fame  procefs  upon  other  metals,  be- 
ginning with  Jilver,  This  metal  I found  to  be 
afFedled  very  much  as  the  copper  had  been  j but 
though  the  matter  with  which  the  air  was  charged, 
was  to  appearance,  equally  black  with  that  from 
the  copper,  and  the  velTels  in  which  it  was  received, 
fo  minutely  divided,  acquired  the  fame  black  coat- 
ing, the  larger  malTes  of  this  charcoal  of  filver  were 
much  whiter  than  thofe  of  the  copper. 

Gold  was  not  at  all  afFe61:ed  in  this  procefs,  not 
being  fenfibly  changed,  or  diminifhed  in  weight  by 
it.  At  firft,  indeed,  there  ifllied  a fmoke  of  a 
darkilb'  hue,  the  - caufe  of  which  I could  not  dif- 
cover,  but  it  foon  difappeared. 

Finding  this  procefs  to  have  fo  remarkable  an 
afFed:  upon  copper,  and  none  at  all  upon  gold,  I 
imagined  that  by  this  means,  it  might  be  poffible 
to  fcparate  copper  from  gold,  fo  that  we  Ihould  be 
in  poflefTion  of  a new  and  eifedual  mode  of  ajfaying. 
But  I was  difappointed  in  this  expedation.  I mixed 
ten  grains  of  copper  with  an  hundred  of  gold ; but 
the  copper  was  efredually  proteded  by  the  gold 
from  the  adion  of  the  fpirit  of  wine,  and  the  whole 
mafs  came  out  of  the  fame  weight  that  it  had  be- 
fore it  was  fubjeded  to  the  experiment. 

I was  not  able  to  procure  much  charcoal  from 
lead,  Ufing  three  ounce  meafures  of  fpirit  of  wine, 
and  near  four  ounces  of  lead,  I got  only  a fmall 
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quantity  of  a whitllli  powdery  fubHance,  though 
fifty  eight  grains  of  the  lead  were  miffing.  But  the 
infide  of  the  glafs  tube,  through  which  the  inflam- 
mable air  was  tranfmitted,  was  very  black,  fo  that 
a great  part  of  the  lead  was  probably  volatilized, 
and  difperfed,  and  yet  the  heat  that  I ufed  was  not 
g;reat. 

Tranfmitting  three  ounce  meafures  of  fpirit  of 
wine  over  360  grains  of  melted  tifij  it  was  not  di- 
minifhed  quite  four  grains,  and  the  black  duft  that 
was  colleded  weighed  twenty  fix  grains.  The  air 
was  very  dark. 

Laftly,  I fent  the  vapour  of  two  ounce  meafures  of 
fpirit  of  wine  over  960  grains  of fhavings.  The 
refult  was,  that  the  air  was  charged  with  black  par- 
ticles, and  the  iron  was  diminilhed  two  grains  in 
weight,  but  I was  not  able  to  colledt  any  charcoal. 
The  iron  acquired  by  this  means  a dark  blue  co- 
lour. 
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PART  II, 

EXPERIMENTS  AND  OBSERVATIONS  RELATING  TO 
MERCURY. 


SECTION  1. 

♦ 

Objervations  relating  to  the  black  Powder  produced  by 
the  Agitation  of  impure  ^ickfilver. , 

BOERHAAVE  found  that  quickfilver,  by 
very  long  continued  agitation,  was  in  part  con- 
verted into  a black  powder,  which  is  often  feen  on 
the  furface  of  it,  and  which,  I believe,  is  generally 
deemed  to  be  a partial  calx  of  this  metal,  the  mer- 
cury having  parted  with  fome  portion  of  its  phlo- 
giflon  in  this  procefs.  It  is  thought,  however,  that 
It  is  no  great  proportion  of  its  phlogifton  that  it 
parts  with  in  order  to  affume  this  new  form  of  black 
powder,  becaufe  it  is  not  poflible  to  expofe  it  to 
any  confiderable  degree  of  heat  without  completely 
reviving  the  whole  of  it.  Even  mere  trituration 
has  been  obferved  to  have  the  fame  efFcd.  On  this 
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account^  fome  do  not  confider  this  procefs  as  a pro- 
per calcination,  but  fuppofe  the  mercuiy  only  to 
have  afllimed  a new  forniy  really  containing  all  the 
phlogifton  it  was  ever  poflefled  of. 

Notwithftanding  this,  I think  it  will  appear  from 
the  refult  of  my  obfervations  on  the  fubje61:,  that 
this  black  powder  is  really  mercury  Juperphlogifti- 
catedy  having  acquired  more  phlogifton,  inftead  of 
having  parted  with  any  that  had  properly  belonged 
to  it ; that  various  fubftances  agitated  together,  with 
mercury  give  it  this  overcharge  of  phlogifton,  and 
to  appearance  refume  it  again.  I alfo  hope  to  ftiew 
in  one  view  all  the  fteps  in  the  complete  progrefs 
of  mercury  from  this  fuperphlogifticated  ftate  to 
its  proper  dephlogifticated  ftate,  tht  precipitate  per  fCy 
in  which  it  aflumes  four  very  different  appearances. 
For  the  greater  fatisfadlion  of  my  readers,  I ftiall, 
as  I generally  have  done,  relate  my  obfervations 
hiftorically. 

Having  been  under  a neceffity  of  making  much 
life  of  quickfilver  in  my  experiments  relating  to 
air,  in  order  to  feparate  and  preferve  thofe  kinds 
that  would  have  been  abforbed  by  • water,  and  being 
frequently  obliged  to  remove  my  apparatus  from 
the  country  to  London,  and  from  London  to  the 
country,  I could  not  help  being  ftruck  with  a quan- 
tity of  black  powder,  which  I fometimes  found 
on  the  furface  of  my  quickfilver;  when,  at  other 
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times,  and,  as  far  as  I could  judge,  in  the  fame  cir- 
cumftances,  1 found  very  little,  or  none  at  all.  It 
was ' evident,  however,  that  whatever  was  the  caufe 
of  this  appearance,  the  agitation  of  the  carriage  had 
contributed  to  it ; for,  except  in  thofe  circum- 
ftances,  I never  found  any  of  it.  At  one  time  I 
found,  after  removing  my  quickfilver,  which  was 
about  twelve  pounds,  from  London  into  the  coun- 
try, there  was  near  a pound  of  this  black  powder 
on  the  furface  of  it.  This  I thought  agreatacqui- 
fition,  as  it  was  a quantity  fufficient  for  a variety  of 
experiments. 

The  firft  thing  that  occurred  to  me  to  do  with 
it  was  to  endeavour  to  expel  air  from  it  by  means 
of  heat.  Accordingly,  I put  a quantity  of  it  into  a 
glafs  phial  with  a ground  (topper  and  tube,  and, 
with  the  heat  of  a candle,  I prefently  expelled  from 
it  a quantity  of  air ; which  being  admitted  to  lime 
water  made  it  very  turbid,  and  was,  in  a great  mea- 
fure,  abforbed ; a proof  that  the  air  it  had  contained 
\yas  in  part  fixed  air,  and  the  remainder  was  not  fo 
much  diminifhed  by  nitrous  air  as  common  air 
would  have  been  \ fo  that  no  pure  air  came  from 
this  black  powder,  and  confequently  it  differed  ef- 
fentially  from  the  precipitate  per  fe^  which  would 
have  yielded  no  fixed  air,  but  the  pureft  dephlo- 
gifticated  air  only.  I obferved  alfo,  at  the  fame 
time,  that  the  powder  at  the  bottom  of  the  phial, 
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which  had  been  expofed  to  the  greatefl:  degree  of 
heat,  had  become  yellow.  This  was  evidently 
fomething  elfe  than  could  have  come  from  the 
quickfilver,  but  I did  not  at  that  time  difcover 
what  it  was.  A good  deal  of  the  quickfilver  was 
revived  by  the  procefs. 

Expofing  another  part  of  this  black  powder  to  a 
red  fand  heat  in  a glafs  velTel,  I produced  a greater 
quantity  of  fixed  air.  Alfo,  part  of  the  black  pow- 
der became  yellow,  as  before ; and  triturating  the 
whole  of  it  in  the  palm  of  my  hand,  it  affumed  a 
kind  of  dirty  green  colour,  and  about  one  half  of 
it  was  pretty  readily  converted  into  quickfilver. 
Putting  the  remainder  of  this  greenilh  powder  into 
a thin  glafs  veflel,  and  holding  it  over  the  flame  of 
a candle,  about  one  half  of  it  became  a perfedly 
yellow  powder,  and  the  reft  was  evaporated,  and 
being  in  part  collefted,  appeared  to  be  pure  quick- 
filver. 

By  this  means  I effe6led  a complete  feparation  of 
the  quickfilver  which  had  conftituted  the  blacknels 
of  the  powder,  and  had  a perfedly  diftindt  yellow 
fubftance  behind,  the  nature  of  which  an  experi- 
enced chemift  would  have  immediately  diftinguifti- 
ed  i and  I difcovered  it  foon  afterwards.  I prc- 
fently  concluded  that,  notwithftanding  this  yellow 
fubftance  feemed  to  be  produced  from  the  quick- 
filver, and  had  great  fpecific  gravity,  it  was  not  of 
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the  nature  of  precipitate  per  Je^  becaufe  it  had  yielded 
fixed  air.  With  another  part  of  the  black  powder 
I found  that  the  fixed  air  it  yielded  was  feveral 
times  the  bulk  of  the  powder,  but  I did  not  afcer- 
tain  with  exadnefs  what  the  proportion  was. 

Being  ftill  ignorant  of  the  conftitution  of  this 
black  powder,  and  being,  confequently,  unable  with 
certainty  to  procure  a quantity  of  it,  I confidered 
what  other  lubftances  into  which  mercury  entered 
had  the  fame  appearance,  and  among  others  I fuf- 
pefted  that  Mthiops  mineral^  which  is  a compofition 
of  mercury  and  fulphur,  might  perhaps  be  the  fame 
thing,  and  if  fo,  it  might  be  eafily  procured  in  any 
quantity  for  the  purpofe  of  future  experiments. 
But  I prefently  found  that  this  fubftance,  treated  in 
the  fame  manner  in  which  I had  treated  my  black 
mercurial  powder,  yielded  no  air  at  all. 

Difappointed  in  this  expectation,  and  being  very 
defirous  of  procuring  a quantity  of  this  black  pow-/ 
der,  I took  feveral  quantities  of  this  quickfilver,  in 
the  fame  ftate  in  which  I had  generally  ufed  it,  and 
therefore,  as  I hoped,  in  the  fame  ftate  in  which  it 
had  yielded  the  black  powder  before  \ and  in  order 
to  treat  it  as  nearly  as  poflible  in  the  fame  manner, 
I put  it  into  fuch  earthen  pots  as  I had  before  made 
ufe  of  in  conveying  it  from  one  place  to  another ; 
and  farther  to  promote  a more  minute  divifion  of 
its  parts,  I fometimes  put  fand,  and  other  fubftances 
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on  which  I knew  it  could  have  no  chemical  action, 
into  the  pot  along  with  it.  I then  put  thefe  pots 
into  fmaU  boxes,  and  procured  them  to  be  faftened 
to  poll;  chaifes,  and  other  carriages,,  and  had  them 
brought  to  me  again  after  they  had  undergone,  at 
leaft,  as  much  agitation  as  the  former  quicklilver 
had  done  in  its  palTage  from  London  to  Wiltfhire. 
But  this  produced  no  fenlible  effed  \ the  quickfilver, 
as  it  appeared  afterwards,  being  then  too  pure  for 
that  purpofe. 

At  length  it  occurred  to  me  that  the  quickfilver 
having  been  ufed  for  a great  variety  of  purpofes, 
and  confequently  having  been  expofed  to  a great 
variety  of  impregnations,  it  might  have  got  fome 
metallic  ones,  and  particularly  from  lead  or  tin.  I 
therefore  diflblved  a fmall  quantity  of  lead  in  fome 
mercury,  and  prefently  found  that  a very  flight 
agitation  covered  it  with  black  powder,  and  obfcured 
all  the  infide  of  the  vefiei. 

Being  now  in  pofTefTion  of  what  had  been  fo  long 
the  objed  of  my  wiflies,  and  being  able  to  procure 
this  black  powder  at  pleafure,  I was  prefently  led 
by  it  to  other  obfervations  both  curious  and  ufe- 
ful. 

In  order  to  obferve  the  nature  and  progrefs  of 
this  operation  to  more  advantage,  I filled  a glafs 
phial,  of  about  ten  ounces,  one  fourth  part  full  of 
this  mixture  of  mercury  and  lead  \ and  inverting  it 
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in  a bafon  of  the  fame,  I agitated  it  with  my  hand, 
and  prefently  found  that  the  air  within  the  phial  was 
fenfibly  diminifhed,  an  evident  proof  that  it  was 
phlogiflicated ; and  in  about  ten  minutes  the  dimi- 
nution amounted  to  one  fifth  of  the  whole,  after 
which  no  agitation  had  any  more  efie6l  upon  it. 
Examining  this  air,  I found,  as  I expected,  that  it 
extinguifhed  a candle.  Indeed  it  was  completely 
phlogifticated ; not  being  at  all  affe61:ed  by  nitrous 
air, 

1 was  now  fully  fatisfied  that  this  was  what  I 
have  called  a proper  phlogijiic  frocefs  with  refpe6t  to 
air,  fimilar  to  the  calcination  of  metals  by  heat ; 
the  air  being  aifefled  in  the  fame  manner,  and  that 
when  mercury  and  lead  were  thus  reduced  to  an 
amalgam,  the  fimple  expofure  to  air  was  fufficient 
to  produce  the  calcination  of  one  of  them  at  leaft ; 
and,  as  I then  thought,  of  both,  agreeably  to  the 
common  opinion  concerning  the  nature  of  the  black 
powder  of  mercury.  ' 

I was  abundantly  confirmed  in  my  fuppofition, 
by  finding  that  when,  inftead  of  common  air,  I 
agitated  this  amalgam  in  fixed  air,  nitrous  air,  in- 
flammable air,  or  in  any  kind  of  phlogifticated  air, 
no  black  powder  was  produced,  and  thofe  kinds  of 
air  remained  unaltered.  When,  indeed,  I agitated 
this  amalgam  in  nitrous  air,  the  furface  of  it  pre- 
fently aflumed  a blackifti  hue,  but  this  foon  nearly 
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difappeared,  and  no  farther  agitation  produced  any 
fenfible  effed.  But  when,  on  thq  contrary,  I made 
this  agitation  in  dephlogifticated  air,  the  black  pow- 
der was  generated  exceedingly  fad,  and  the  air  went 
on  diminifhing,  till  what  remained  was  one  fourth 
lefs  than  the  whole. 

It  now  occurred  to  me  that,  by  means  of  this 
agitation,  I might  expel  the  whole  of  any  quantity 
of  lead,  or  other  metals,  from  the  mercury  with 
which  they  might  be  mixed ; and  1 foon  found  it 
to  be  an  eafy  and  excellent  method,  not  at'  all  in- 
ferior to  diftillation.  As  I have  repeated  this  pro- 
cefs  many  times,  and  always  have  recourfe  to  it 
when  my  mercury  has  acquired  any  metallic  mix- 
ture, I iliall  defcribe  the  manner  in  which  I find  it 
is  mod  expeditioufly  done ; though  a novice  in  the 
procefs  mud  not  expedt  to  fucceed  perfedlly  well 
at  the  fird  trial. 

I take  a glafs  phial  with  a ground  dopper  (fuch 
•being  generally  pretty  drong)  containing  ten  or 
twelve  ounces  of  water,  and  fill  about  one  fourth 
of  it  with  the  foul  quickfilver ; then,  putting  in  the 
dopper,  1 hold  it  inverted  with  both  my  hands, 
and  fhake  it  violently,  generally  driking  the  hand 
that  fupports  it  agalnd  my  thigh.  When  I have 
given  it  twenty  or  thirty  drokes  in  this  manner, 

I take  out  the  dopper,  and  blow  into  the  phial  with 
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a pair  of  bellows,  which  I do  in  order  to  change 
the  air  that  has  become  in  part  phlogifticated,  and 
knowing  that  the  purer  the  air  is  the  fafter  the  pro- 
cels  advances. 

After  a lliort  time,  if  the  mercury  be  very  foul, 
the  furface  will  not  only  become  black,  but  a great 
quantity  of  the  upper  part  of  it  will  be,  as  it  were, 
coagulated,  fo  as  to  be  eafily  feparated  from  the 
reft.  I therefore  invert  the  phial,  and  covering 
the  mouth  of  it  with  my  linger,  let  out  all  the 
mercury  that  will  flow  eafily,  and  put  the  black 
coagulated  part  into  a cup  by  itfelf.  This  I prefs 
repeatedly  with  the  end  of  my  finger,  till  1 make 
a complete  reparation  of  the  running  mercury  from 
the  black  powder  3 and  putting  the  powder  by  it- 
felf, 1 pour  back  the  mercury  to  the  reft  of  the 
mafs  out  of  which  it  was  taken,  in  order  to  be 
agitated  with  it  again. 

This  procefs  I repeat  till  I find  that  no  more 
black  matter  can  be  feparated  j and  it  is  not  a lit- 
tle remarkable,  that  the  operator  will  be  at  no  lofs 
to  know  when  the  procefs  is  completed.  For  the 
fame  quantity  of  lead  feems  to  come  out  of  it  in 
equal  times  of  agitation,  and  confequently  the  whole 
becomes  pure  at  once.  Alfo,  whereas,  while  the 
lead  was  in  the  mercury,  k felt,  as  I may  fay,  like 
foft  clay,  the  moment  the  lead  is  feparated  from  it, 
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it  begins  to  rattle  as  it  is  lhaken,  fo  that  any  perfon 
in  the  room  may  perceive  when  it  has  been  agitated 
enough^. 

That  the  mercury  is  made  quite  pure  by  this 
procefs  I afcertained  by  diftillation.  For  having 
diftilled  in  a glafs  vcffel  a large  quantity  of 
quickfilver,  in  which  both  lead  and  tin  had  been 
purpofely  diffolved,  and  which  had  only  been  agi- 
tated in  this  manner  afterwards,  I found  nothing 
more  than  a light  whitilh  ftain  on  the  bottom  of  the 
retort. 

When  a quantity  of  the  black  powder  is  procur- 
ed, it  is  very  eafy,  by  diftillation,  to  feparate  the 
mercury  from  the  calx,  and  I do  not  know  a readier 
method  of  procuring  the  calx  of  lead,  or  tin,  and 
perhaps  the  calx  of  other  metals  alfo.  The  quan- 
tity of  black  mercurial  powder  is  very  confiderable 
in  proportion  to  the  lead  or  tin  mixed  with  it ; 
though  it  is  not  eafy  to  afcertain  this  with  exadtneis, 
becaufe,  in  endeavouring  to  feparate  the  powder 
from  the  running  mercury  a good  deal  of  it  is,  by 
mere  trituration,  converted  into  running  mercury ; 

^ Pure  mercury  may  alfo  be  diftinguiflied  from  that  which  is 
very  impure  by  this  circumftance,  wz.  that  a mixture  of  lead  or 
tin,  at  leaft,  very  much  diminiflies  its  attradlion  of  cohefion.  For, 
when  pure  mercury  is  contained  in  a glafs  or  earthen  veflci,  there 
will  be  a hollow  fpace  between  the  metal  and  the  veflel  ; whereas 
if  there  be  lead  or  tin  in  it,  the  whole  furface,  even  to  the  place  of 
contact  with  the  veflel,  will  be  perfe(^ly  level. 
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and  I do  not  know  but  that,  in  time,  the  whole 
might  be  reftored  by  this  means,  and  the  calx  of 
lead,  &:c.  be  got  quite  pure.  However,  from  the 
following  experiments  it  will  be  feen  what  propor- 
tion they  generally  bear  to  each 'other,  after  a to- 
■ lerably  careful  feparation.  It  will  be  feen  alfo,  that 
when  all  the  quickfilver  that  was  converted  into 
black  powder  is  expelled  from  lead  or  tin  by  heat, 
there  will  remain  m.ore  weight  of  the  calx  than 
there  was  of  the  metal  j as  might  be  expedled.  But 
as  I applied  more  heat  than  was  neceflary  to  feparate 
the  quickfilver,  a good  deal  of  the  air,  and  what- 
ever elfe  contributes  to  the  additional  weight  of  the 
calx,  is,  no  doubt,  expelled  with  it. 

Having  mixed  one  pennyweight  of  lead  with 
about  five  pounds  of  quickfilver,  1 expelled  it  all  by 
agitation,  in  the  method  deferibed  above  j when, 
weighing  the  black  powder,  it  was  found  to  be  one 
ounce,  ten  pennyweights,  five  grains,  fome  parti- 
cles of  the  running  mercury  being,  however,  ftill 
vifible  in  it.  When  the  quickfilver  was  expelled  by 
heat,  the  calx  of  the  lead  appeared  in  the  form  of  a 
brownifh  powder,  and  weighed  one  pennyweight,  five 
grains. 

Having  mixed  one  pennyweight  of  tin  with  the 
above-mentioned  quantity  of  quickfilver,  and  hav- 
ing expelled  it  again  by  agitation,  the  black  pow- 
der, with  fome  fmall  globules  of  quickfilver  mixed 
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with  it,  weighed  two  ounces,  one  pennyweight,  five 
grains,  and  the  calx,  which  was  a tolerably  white 
powder,  weighed  one  pennyweight,  feven  grains. 

The  reparation  of  tin  from  quickfiiver  by  agita- 
tion is  not  effeded  near  fo  foon  as  lead.  It  requires 
at  lead  four  times  the  labour.  It  alfo  requires  pro- 
portionably  more  time  to  feparate  the  black  pow- 
der from  the  thick  amalgam,  in  the  manner  de- 
fcribed  above. 

Quickfiiver  is  feparated  from  lead  or  tin  when 
the  mafs  is  agitated  in  water^  as  well  as  in  air,  but 
it  feerns  to  require  more  time.  In  this  procefs  it  is 
allb  eafily  perceived  when  all  the  bafe  metal  is  ex- 
pelled ; the  phenomena  of  the  agitation  of  this 
amalgam  and  of  pure  mercury  in  water  being  very 
remarkably  different.  It  is  even  eafy  to  perceive, 
by  this  means,  in  a moment,  whether  the  quick- 
fiiver be  pure  or  not.  For  if  it  be  impure,  the  wa- 
ter becomes  opake  the  moment  the  agitation  com- 
mences, which  is  by  no  means  the  cafe  with  pure 
quickfiiver,  efpecially  if  the  water  in  which  it  is 
agitated  has  not  been  ufed  for  this  purpofe  before. 
Alfo,  the  black  matter  fufpended  in  the  water  in 
which  pure  quickfiiver  has  been  agitated  is  (except 
in  a cafe  that  will  be  defcribed  hereafter)  prefently 
depofited  ^ whereas  the  water  in  which  the  amalgam 
has  been  agitated  does  not  become  clear  in  feveral 
days.  It  may  alfo  be  perceived  how  the  quickfiiver 
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approaches  towards  purity,  by  this  depofit  being 
made  more  or  lefs  readily. 

Alfo,  the  phenomena  during  the  agitation  in 
thefe  two  cafes  are  ftrikingly  different,  though  , not 
eafily  deferibed  in  words.  More  efpecially,  the 
mixture  of  quickfilver  with  lead  or  tin  does  not  feem 
to  admit  the  water  to  mix  with  it,  whereas  pure 
quickrilver>  by  violent  agitation,  may  be  fo  tho- 
roughly mixed  with  the  water,  that  it  will  fome- 
times  be  feveral  feconds  after  the  agitation  is  dif- 
continued,  before  it  have  entirely  difengaged  itfelf 
from  the  water  ; and  in  doing  this  it  exhibits  a very 
pleafing  fpedlacle.  By  this  means,  as  in  the  procefs 
without  water,  it  may  be  perceived  at  once  when 
the  feparation  of  the  bafe  metal,  and  the  mercury, 
is  completely  effected. 

Having  a large  quantity  of  water  made  very  black 
with  the  agitation  of  a mixture  of  quickfilver  and 
lead,  I agitated  a quantity  of  common  air  in  it  a long 
time,  and  let  it  ftand  feveral  days  j but  the  air  was 
not  fenfibly  injured  by  this  means  \ fo  that  though 
this  water  and  the  calcined  amalgam  fufpended  in  k 
do  contain  phlogifton,  it  is  not  by  this  means  im- 
parted to  the  air. 

I evaporated  a pint  of  the  diililled  water  in  which 
quickfilver  and  tin  had  been  agitated,  and  which 
had  flood  till  it  was  quite  ti  anfparent,  when  a white 
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fediment  remained/ but  it  did  not  weigh  more  than 
a few  grains. 

N.  B.  It  may  be  worth  while  to  obferve  that,  in 
making  this  black  powder,  the  phial  in  which  the 
lead  and  mercury  are  lhaken,  grows  very  warm, 
as  the  coagulum  of  the  two'  metalsi  (from  which  the 
black  powder  is  prefTed)  begins  to  form,  and  that 
in  fqueezing  this  coagulum  in  a cloth  (which  is  the 
readieft  method  of  feparating  the  running  mercury 
from  the  black  powder)  it  fuddenly  becomes  fo  hot, 
that  I could  fometimes  hardly  bear  to  handle  it. 

For  the  information  of  thofe  who  may  wilh  to 
repeat  thefe  experiments,  I would  obferve,  that  in 
ufing  as  much  mercury  as  I can  conveniently  lhake, 
in  a phial  containing  about  three  pints  of  water,  I 
have  got,  with  four  hundred  concuffions  of  the 
amalgam  (blowing  into  the  phial  with  a pair  of  bel- 
lows after  every  hundred  concuflions)  near  eight 
ounces  of  the  black  powder. 
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SECTION  II. 


Of  the  Agitation  of  pure  Mercury  in  PTater. 
CITATION  in  pure  water  will  convert  the 


purefl  quickfilver  into  black  powder,  and 
much  more  Ipeedily  than  it  can  be  effedled  in  air ; 
but  when  this  is  produced  in  water,  this  ftate  of  the 
quickfilver  is  not  permanent.  But  it  will  give  my 
reader  more  fatisfadllon,  if  I defcribe  the  phenomena 
of  this  procefs  jufi:  as  they  occurred  to  me. 

I agitated  a pound  of  pure  quickfilver  a few  mi- 
nutes in  difliilled  water,  when  I obferved  that  the 
water  had  become  opake,  with  particles  of  a black 
matter,  fo  as  to  be  impervious  to  the  light.  This 
procefs  I repeated  fcveral  hours,  changing  the  wa- 
ter as  it  became  black. 

When  any  quantity  of  water  had  been  once  ufed 
for  this  purpofe,  the  fame  efFedf  was  produced  much 
fooner  than  it  was  with  frefii  water  ; fo  that,  though 
the  frefii  water  and  this  could  not  be  diftinguifiied 
by  the  eye,  it  was  prefently  perceived  which  water 
had  been  ufed  before. 
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After  I had  continued  this  procefs,  which  was  in 
a ten  ounce  phial,  with  a ground  glafs  ftopper,  about 
four  or  live  hours,  though  with  fome  intenuption, 

I found  that  the  quickfilver  had  loft  two  penny- 
weights of  its  weight.  But,  agitating  it  again  little 
more  than  an  hour,  with  the  fame  water  that  I had 
ufed  before,  I found  it  had  loft  in  all  five  penny- 
weights. 

This  procefs  went  on  the  beft  when  I ufed  three 
or  four  times  the  bulk  of  water  with  the  quickfilver. 

That  the  air  contained  in  the  phial  together  with 
the  water  had  nothing  to  do  in  this  bufinefs  was  evi- 
dent, becaufe  the  very  fame  efFe6t  was  produced 
when  the  phial  was  filled  up  with  water  only,  fo  as 
to  exclude  all  the  air  j and  this  is  the  manner  in 
which  I generally  make  this  experiment. 

This  black  matter  difFufed  through  the  water  be- 
comes white  running  mercury  when  it  is  expofed  to 
the  open  air  only.  No  trituration,  or  operation  of 
any  kind,  is  requifite  for  this  purpofe. 

The  water  in  which  this  pure  quickfilver  had  been 
agitated  acquired  a peculiar  fmeli  and  tafte,  not 
eafy  to  be  defcribed.  When  a pint  of  it  was  eva- 
porated to  drynefs,  there  remained  a fmall  quantity 
of  matter,  an  account  of  which  will  be  given  here- 
after. Common  air  agitated  in  this  water  was  not 
fenfily  diminifhed,  and  therefore  I conclude  not  fen- 
fibly  injured  by  it. 
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Spirit  of  wine  feems  to  anfwer  this  purpofe  as 
well  as  water,  but  not  oil  of  turpentine.  I ex- 
, pofed  them,  together  with  various  other  things,  to 
continued  agitation  in  a mill,  for  feveral  months ; but 
when  the  phial  containing  them  was  examined,  nei- 
ther the  quickfilver,  nor  the  oil  of  turpentine,  was 
fenfibly  changed.  Of  thefe  obfervations  I fliall  give 
a feparate  account,  at  the  clofe  of  this  article. 

Hitherto  I was  entirely  ignorant  of  the  real  na- 
ture of  the  black  powder  into  which  mercury  is  con- 
verted by  agitation  in  water,  and  rather  took  it  for 
granted  that  it  was  a partial  calcination  of  that  me- 
tal ; though  I might  have  recolle61:ed,  that  no  fuch 
thing  as  this  black  powder  occurs  in  any  part  of 
the  procefs  of  a proper  calcination  of  mercury,  in 
converting  it  into  precipitate  per  fe.  Nor  did  I at 
length  difcover  the  real  nature  of  it  by  any  reafoning 
or  conjedlure  a priori.  But  having  conftantly  ob- 
ferved  (what  it  was  impoflible  not  to  obferve)  that 
whenever  I fpilled  any  of  the  water  containing  the 
black  powder,  the  moment  it  was  dry  it  appeared  m 
the  form  of  white  running  mercury,  alfo  that  the 
glafs  funnel  I made  ufe  of,  in  pouring  this  black 
water  into  the  phial,  was  always  found  white,  with 
fmall  globules  of  running  mercury,  whenever  I took 
it  up,  after  an  interruption  in  my  experiments  j 
I could  not  but  conclude ''that  this  converfion  of 
black  into  white  mercury  was  efFeded  by  the  air, 
j and 
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and  therefore  I determined  to  have  this  procefi 
performed  in  confined  air^  in  order  to  judge  how  the 
air  itfelf  was  affeded  by  it. 

Accordingly,  having  a confiderable  quantity  of 
this  black  powder  in  a little  water,  enough  to  pre- 
vent its  becoming  running  mercury,  I poured  fome 
of  it  into  a fmall  retort,  and  evaporating  all  the  wa- 
ter that  was  mixed  with  it,  while  the  neck  of  the 
retort  was  plunged  in  water,  and  admitting  as  little 
air  as  poflible  (barely  enough  to  prevent  the  retort 
from  breaking  by  the  rulhing  in  of  frefh  water,  after 
the  bulk  of  the  air  had  been  expelled  by  the  heat 
and  vapour  within  the  retort)  I examined  the  in- 
clofed  air  when  the  veffel  was  cold  ; and  found  it  to 
be  worfe  than  common  air.  For  one  meafure  of 
this  and  one  of  nitrous  air  occupied  the  fpace  of  1.3 1 
meafures  ; when  one  meafure  of  the  common  exter- 
nal air  and  another  of  the  fame  nitrous  air  occupied 
the  fpace  of  1.27  meafures. 

It  was  evident,  however,  that,  in  this  experiment^ 
the  air  could  only  be  very  partially  afFe6ted  by  the 
change  "of  the  mercury ; fince  a great  deal  muft 
neceffarily  have  been  admitted  after  all  the  heat 
had  been  applied ; and  the  newly  admitted  air  muft, 
of  courfe,  have  diluted  that  which  had  been  affected 
by  the  procefs.  I therefore  made  the  following 
more  decifive  experiment,  which  perfeftly  agreed 
witl>,  and  confirmed,  the  preceding. 
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I took  a glafs  tube,  about  eighteen  inches  long, 
and  half  an  inch  wide,  and  pouring  into  it  a quan- 
tity of  the  water  and  black  powder  of  mercury, 
turned  it  every  way  till  it  had  got  a black  coating 
in  ail  places.  I then  inverted  itj  and  placed  k in  a 
cup  of  water  near  the  fire,  but  not  fo  near  as  to  con^ 
vert  the  water  within  the  tube  into  ftearn,  and 
thereby  expel  too  much  of  the  air.  In  this  fituation 
I perceived,  after  fome  time,  that  the  quickfilver 
was  revived,  all  the  tube  to  which  the  heat  had 
reached  having  now  got  a white  coating,  and  hav- 
ing the  appearance  of  a looking  glafs.  I then  ex- 
amined the  air  in  the  infide  of  the  tube,  and  found 
it  to  be  very  fufficiently  phloglfticated.  For  one 
meafure  of  it  and  one  of  nitrous  air,  occupied  the 
Ipace  of  1.66  meafures,  notwithftanding  a con- 
fiderable  part  of  the  tube  had  not  been  fo  much 
heated  as  to  have  all  the  mercury  on  it  revived.  I 
repeated  this  experiment  in  another  tube,  and  with 
the  fame  refult,  the  air  contained  in  it  being  as  much 
whlogifticated  as  before.  At  this  time  the  tube  be- 
ing expofed  to  too  great  a degree  of  heat,  part  of  the 
mercurial  coating  was  partially  calcined. 

After  this  it  was  impoflible  to  entertain  a doubt 
concerning  the  nature  of  this  black  powder.  It  was 
evidently  mercury  fuper-phlogijiicated^  or  which  had 
acquired  more  phlogifton  than  was  neceflary  to  its 
ftate  of  white  running  mercury.  But  it  remained  to 
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be  inquired  whence  the  mercury  could  have  received 
this  phlogifton.  That  it  might  have  been  commu- 
nicated from  the  fpirit  of  wine  in  the  experiment 
mentioned  above  was  probable  enough,  becaufe  fpi- 
rit of  wine  is  known  to  contain  phlogifton  in  abun- 
dance. But  it  has  been  a maxim  with  chemifts, 
that  Water  is  incapable  of  forming  any  union  with 
phlogifton ; and  that  befides  air,  it  is  perhaps  the 
only  fubftance  in  nature  that  is  incapable  of  it.  How- 
ever, as  the  whole  courfe  of  my  experiments  has 
demonftrated  the  fallacy  of  the  maxim  with  refpe6]: 
to  air,  fo  I think  alfo  it  has  already  appeared  from 
them,  that  neither  does  it  hold  good  with  refpedt  to 
water. 

Some  may  think  that  it  is  the  calx  of  the  mer- 
cury that  the  water  feizes  upon,  leaving  the  phio- 
gifton  as  an  over  charge  upon  part  of  the  remainder. 
Which  ever  of  thefe  hypothefis  is  the  true  one,  it  is 
a fadl,  and  certainly  a very  remarkable  one,  that,  if 
the  water  be  warm,  though  only  about  blood  hear, 
no  agitation  of  mercury  in  it  will  convert  it  into 
black  powder.  And  alfo,  if  the  water  be  ever  lb 
black  with  the  pow^der,  the  mere  heating  of  it,  with- 
out any  accefs  of  the  external  air,  will  make  it  tranf- 
parent  again ; the  blacknefs  totally  difappearing  both 
from  the  water  and  the  mercury.  If  the  former  hy- 
pothefis be  admitted,  viz.  that  the  overcharge  of 
phlogifton  is  communicated  from  the  mercury  to 
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the  water,  water  muft  be  of  fuch  a nature  as  to  have 
a ftronger  affinity  with  phlogifton  when  hot  than 
when  cold,  in  which,  though  it  be  the  reverie  of 
moft  other  fubftances,  it  has  the  fame  property, 
however,  with  air^  which  receives  phlogifton  from 
ignited  bodies,  when  both  the  air  and  the  ignited 
body  muft,  of  courfe,  be  equally  hot. 

Or,  laftly,  it  may  be  fuppofed  (and  fome  obfer- 
vations  that  will  be  recited  hereafter  prove  this  is 
adlually  the  cafe  in  fome  circumftances)  that  during 
the  agitation  one  part  of  the  mercury  becomes  de- 
phlogifticated  while  another  part  is  fuper-phlogifti- 
cated,  extraordinaiy  as  the  fad  will  be  thought. 

I obferved  the  effed  of  warm  water  in  mercury 
in  the  following  manner.  Sitting  pretty  near  the 
fire,  when  the  weather  was  cold,  1 found  that  my 
agitation  of  the  mercury  had  not  fo  much  effed  as 
it  had  been  ufed  to  have  5 and,  refleding  upon  the 
fubjed,  it  occurred  to  me,  that  poffibly  it  might  be 
the  warmth  of  the  water  in  the  phial  that  obftruded 
it.  To  try  this,  I put  the  phial  containing  the  wa- 
ter and  the  quickfilver  into  a pan  of  water,  which 
I made  to  boil ; after  which  I took  it  out  of  the 
pan,  and  holding  it  with  a couple  of  handkerchiefs, 
agitated  it  with  as  much  violence  as  I poffibly  could, 
but  I found  that  I might  do  this  as  long  as  I pleafed, 
without  producing  any  thing  like  the  black  pow- 
der. 
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To  complete  this  experiment  on  the  effedts  of 
heat,  as  foon  as  the  whole  was  cold,  I fliook  the 
phial  again,  till  the  water  was  to  appearance,  almoft 
as  black  as  ink,  and  placed  it  in  the  water  over  the 
fire ; obferving  that  the  phial  was  completely  filled 
with  the  water  and  quickfilver,  and  that  all  air  was. 
excluded,  only  leaving  the  ftopper  rather  loofe,  that 
the  expanfion  of  the  water  by  the  heat  might  not 
burfi:  it.  The  elFedt  was  that,  prefently  after  the  wa- 
ter in  the  pan  began  to  boil,  the  water  in  the  phial 
had  recovered  its  tranfparency ; and  when  I examin- 
ed the  quickfilver,  there  was  no  appearance  of  black 
powder  upon  it.  The  whole  had  been  reconverted 
into  white  running  mercury,  and  had  united  with 
the  reft  of  the  mafs  of  mercury  in  the  phial.  Alfo, 
when  it  was  cold,  the  blacknefs  did  not  re- appear ; 
but  the  mercury  *was,  in  appearance,  in  the  very 
lame  ftate,  as  at  the  beginning  of.the  procefs. 

This  fad  being  a very  remarkable  one,  1 repeat- 
ed the  experiment  many  times,  and  in  a very  great 
variety  of  ways,  but  always  with  the  fame  refult. 
When,  indeed,  I agitated  the  mercury  in  the  fam-e 
water  a very  long  time  (and  I once  did  it  on  pur- 
pofe  a quarter  of  an  hour,  with  little  or  no  intermif- 
fion,  though  in  one  minute  I could  make  the  water 
quite  opake  with  the  fame  degree  of  agitation)  I 
have  found  that  it  requires  a longer  continuance  of 
heat  to  make  it  perfedly  tranfparent,  and  a flight 
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blacknels  has  remained  on  fome  parts  of  the  furface 
of  the  quickfilver.  But  then  this  was  quite  trifling 
compared  with  the  quantity  of  black  matter  that  lay 
upon  it  before  it  was  heated,  fo  that  by  much  the 
greateft  part  of  the  phlogiflon  muft  have  been  ab- 
forbed. 

Alfo,  when  I have  poured  the  quickfllver  ofi^ 
and  heated  the  turbid  water  by  itfelf,  the  blacknels 
has  never  failed  to  difappear.  But  fometimes  a few 
globules  of  quickfilver  would  remain  at  the  bottom 
of  the  phial,  fome  white,  and  others  black  5 but 
though  the  latter  were  more  numerous,  they  were 
probably  only  fuperficially  black,  and  no  agitation 
of  the  phial  would  ever  give  the  water  the  turbid  ap- 
pearance that  it  had  before  5 the  globules,  though 
difperfed  through  the  water  by  the  agitation,  fub- 
fiding  in  a moment,  apd  falling,  like  fo  many  leaden 
Ihot,  to  the  bottom  of  the  phial ; fo  that  the  black 
furface  of  thefe  larger  malfes  of  quickfilver,  as  they 
may  be  called,  was  very  fmall  in  proportion  to  the 
furface  of  the  infinite  number  of  black  molecules 
which  conftituted  the  clouds  of  attenuated  mercury 
that  before  had  filled  the  whole  phial,  and  made  all 
the  water  in  it  opake. 

That  other  perfons  may  more  eafily  fucceed  in 
this  experiment,  I muft  inform  them,  that  I have 
generally  made  ufe  of  a ten  ounce  phial,  about  a 
quarter  of  it  filled  with  quickfilver,  and  the  reft 
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with  diftilled  water,  fhaking  it  as  violently  as  I can, 
generally  giving  it  ten  or  a dozen  fhakes  in  quick 
fuccelTion,  in  the  manner  defcribed  above  ^ and  then 
waiting  till  the  water  and  quickfilver  be  feparated 
from  each  other,  which  gives  me  a fufficient  inter- 
val of  time  to  reft  from  my  labour. 

The  above-mentioned  experiments  may  be  made, 
with  the  fame  refults,  by  fubftituting  fpirit  of  wine 
for  water.  After  agitating  fome  quickfilver  in  Ipi- 
rit  of  wine  till  it  was  very  turbid,  I placed  the  phial 
containing  them  in  a pan  of  water^  and  prefently 
after  it  had  boiled  all  the  blacknefs  difappeared. 
Agitating  it  again,  when  it  was  hot,  had  no  effed  ; 
and  when  it  was  cold  the  blacknefs  did  not  return. 
The  black  powder  thus  procured  became  running 
mercury  when  it  was  dry,  but  it  was  not  fo  bright  as 
that  which  had  been  agitated  in  water,  l^etting  a 
quantity  of  it  remain  fix  or  feven  hours  upon  a plate 
of  glafs,  on  the  iron  plate  of  a Bath  ftove,  in  which 
there  was  a pretty  good  fire,  it  loft  its  metallic  luftre 
and  confiftence,  and  became  a white  powdery  Juh^ 
JiancBy  which  was  completely  diftblved  in  fpirit  of 
fait,  and  thereby  appeared  to  be  a perfed  calx  of 
mercury,  though  it  was  not  brought  to  the  ftate  of 
precipitate  per  fe. 

Having  now  advanced  another  ftep  in  my  in- 
veftigation  of  the  changes  of  mercury,  in  paffing 
from  the  Juper-phlogifticated  to  the  dephlogifticated 
G g 4 ftate ; 
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flate;  I went  through  the  fame  procefs  with  the 
black  powder  procured  by  the  agitation  of  mercury 
in  water,  covering  with  it  the  greateft  part  of  the 
furface  of  a watch  glafs  (which  I find  a very  conve- 
nient thing  for  many  fmall  experiments)  and  placing 
it  on  the  plate  of  - the  Bath  ftove,  very  near  the 
fire,  fo  that  different  parts  of  it  might  be  expofed 
to  different  degrees  of  heat.  The  rcfult  of  this  ex- 
periment was  very  fatisfadtory  and  pleafing. 

At  firft,  as  I have  obferved  before,  the  black 
powder  became  running  mercury  5 but  prefently 
after  it  adhered  pretty  firmly  to  the  glafs,  and  then, 
looking  on  the  back  fide  of  it,  I found  it  made  the 
moft  perfedt  mirror  imaginable,  a better,  1 fhould 
think,  than  that  which  is  made  with  mercury  and 
tin.  With  a longer  expofure  to  the  fame  heat  it 
loft  its  metallic  luftre,  and  became  a white  pow- 
dery fubftance;  and  with  more  heat  it  affumed  a 
brown  colour.  Yet  a quantity  of  this  brown  mat- 
ter, though,  I doubt  not,  it  was  an  approach  to  a 
proper  precipitate  per  Je^  was  not  wholly  diffolved 
in  fpirit  of  fait,  fo  that  the  calcination  had  been  im- 
perfedt. 

It  was  pleafing  to  obferve  the  mercury  within  fo 
final!  a compafs  as  that  of  a watch  glafs,  in  three 
of  the  ftates  above-mentioned,  viz,  the  white  metal- 
lic ftate,  the  white  calx,  and  the  brown,  or  the  de- 
I phlogifticated 
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phlogifticated  ftate.  On  a larger  plate  of  glafs  all 
the  four  Hates  might  have  been  exhibited  in  their 
natural  order,  the  black  powder,  or  the  fuperphlo- 
gifticated  Hate,  preceding  the  reft.  The  order  in 
which  thefe  different  ftates  of  the  mercury  fucceed 
each  other  is  a proof  of  the  hypothefis  I have  ad- 
vanced on  the  fubjedt. 

In  repeating  thefe  experiments  I afterwards  found 
fome  exceptions  to  this  obfervation.  Having  a , 
large  quantity  of  this  black  matter  in  a glafs  phial, 
it  happened  to  be  broken  by  the  freezing  of  the 
water  with  which  it  was  mixed.  I did  not  notice 
it  at  the  time,  but  I afterwards  found  a confiderable 
quantity  of  ■ running  mercury  in  the  place  where 
the  bottle  had  ftood,  and  beftdes  that  a thick  cake 
of  dry  black  matter,  which  however  appeared  to 
be  noth/ng  but  mercury,  as  it  was  completely  dif- 
folved  in  fpirit  of  nitre. 

I muft  obferve  farther,  that  fome  of  this  black 
matter  which  I procured,  by  agitating  mercury  in 
water,  has  not  always  become  perfe6l  running  mer- 
cury by  the  evaporation  of  the  water  with  which 
it  was  mixed,  but  has  fometimes  left  a black  ftain  ’ 
on  the  veftel  in  which  it  was  contained.  This, 
however,  has  difappeared  by  the  affufion  of  fpirit 
of  nitre.  '' 

I fhall  now  mention  fome  other  circumftances 
relating  to  the  agitation  of  water  in  mercury,  the 

caufes 
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caufes  of  which  I own  I do  not  iinderftand,  and 
fome  of  them  fcem  to  militate  againft  the  hypothe- 
cs advanced  above.  But  this  gives  me  no  par- 
ticular concern. 

Indeed  the  greateft  difficulty  arifes  from  the  fa6t 
mentioned  above,  viz.  that  water  which  has  been 
often  ufed  in  this  procefs  has  a much  quicker  and 
greater  effed  than  water  that  is  ufed  the  firft  time. 
This  is  more  efpecially  the  cafe  with  water  that  has 
been  diftilled  a long  time.  This  certainly  proves, 
that  fome  change  has  been  made  in  the  water  as 
well  as  in  the  quickfilver.  But  if  the  water  com- 
municates phlogifton  to  mercury,  it  might  be  ex- 
peded  that  it  would  give  it  more  readily  at  firft 
than  afterwards. 

Alfo,  if  it  be  water  that  communicates  the  phlo- 
gifton  to  the  mercury,  it  might  be  expeded  that 
water  frefli  diftilled  would  have  a greater  effed,  on 
account  of  the  empyreuma  that  it  is  fuppofed  to 
acquire  by  diftillation,  and  which  is  known  not  to 
leave  it  of  a confiderable  time,  And,  in  general, 
I have  found  that  water  frefh  diftilled  fooner  be- 
comes turbid  in  this  procefs  than  water  that  has 
been  long  diftilled,  but  not  fo  foon  as  water  that 
has  been  often  ufed  for  this  purpofe.  Alfo  when 
I have  re- diftilled  water  that  has  been  much  ufed 
in  thefe  experiments,  it  has  been  as  readily  affeded 
as  before  the  fecond  diftillation  j but  with  this  dif- 
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ference,  that  the  black  powder  has  been  much  longer 
in  fubfiding  than  it  had  been  before. 

I have  often  found  great  differences  in  water  in 
this  refped.  In  general,  if  the  water  has  been 
long  diftilled,  and  frequently  ufed,  the  depofit  will 
be  completely  made  in  a few  minutes ; whereas  I 
have  fometimes  found  that  the  water  has  not  be- 
come clear  (ufing  the  fame  mercury)  in  three  or 
four  days.  And  even  when  the  blacknefs  has  dif- 
appeared,  a white  cloudinefs  will  remain  I do  not 
know  how  long. 

I found  fome  difference,  but  not  fo  much  as  I 
had  expedled,  between  water  diftilled  with  a gentle 
heat  without  boiling,  and  water  that  was  made  to 
boil  violently  during  the  diftillation,  though  both 
were  diftilled  in  glafs  veffels.  They  both  became 
turbid  pretty  foon,  and  the  quantity  of  black  pow- 
der was  nearly  equal  from  both,  in  the  fame  time ; 
but  that  which  had  been  haftily  diftilled  depofited 
its  fediment  in  about  ten  minutes,  whereas  the  other 
had  done  it  very  imperfedly  in  an  hour.  I would 
not,  however,  be  pofitive  that  a fecond  experiment 
of  this  kind  would  have  a fimilar  refult,  as  this 
circumftai^jce  may  depend  upon  a caufe  not  yet  in- 
veftigated. 

There  was  fomething  remarkable  in  the  pheno- 
mena that  occurred  in  ufing  a quantity  of  water 
frefli  diftilled  in  a copper  veffel,  and  a pewter 
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worm,  in  the  common  way ; but  in  which  fome 
elder  flowers  had  been  diftilled  about  a year  before^ 
fo  that  the  water  had  a flight  fmell  of  it.  But  whe- 
ther this  circumftance  has  any  thing  to  do  with 
what  1 am  going  to  defcribe,  I cannot  tell. 

Agitating  the  quicklilver  in  this  water,  it  pre- 
fently  became  very  turbid,  but  the  fediment  was 
not  depofited  in  a week,  or  indeed  completely,  in 
a fortnight  5 and  then  the  water  retained  a white 
cloudinefs.  But  the  moft  remarkable  circumftance 
was  that,  in  agitating  the  mercury  in  this  water,  the 
whole  mafs  was  prefently  divided  into  fmall  glo- 
bules, not  larger  than  the  fmalleft  pins  heads,  and 
did  not  very  readily  unite  again.  Several  times  I 
have  found  that  the  mercury  thus  divided  would 
choak  up  the  mouth  of  the  phial,  which  is  about 
half  an  inch  wide ; fo  that,  holding  it  perpendicu- 
larly, it  would  not  run  out  at  all  in  feveral  feconds. 
It  has  even  required  fhaking  to  get  it  all  out.  It 
has  then  exhibited  a fmgular  and  beautiful  appear- 
ance in  the  cup  into  which  the  phial  was  emptied, 
whereas  the  very  fame  quickfilver  agitated  in  other 
water,  immediately  before,  and  after,  has  been  at- 
tended with  no  other  than  the  common  appearance. 
It  was  alfo  remarkable,  that  this  divided  mafs  of 
mercury,  after  the  moft  violent  agitation  in  the 
water,  fell  inftantly  to  the  bottom,  like  a quantity 
of  leaden  (hot  5 whereas,  in  general,  as  1 have  ob- 
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ferved,  the  mercury  and  water  get  intangled  in  fuch 
a manner,  that  they  do  not  intirely  feparate  in  fevcral 
feconds. 

Imagining  at  firft,  that  the  power  of  re-union^ 
in  the  divided  mercury,  might  perhaps  have  been 
impaired  by  fome  cfFed  of  the  fmall  remains  of  the 
elder  water,  mixed  wnth  the  frefh  diftilled  water  in 
which  it  was  now  agitated,  I made  trial  of  mint 
water y but  without  any  fuch  effed.  A -confiderable 
time  afterwards,  however,  I found  other  methods 
of  producing  the  fame  effed,  and  even  in  a much 
more  remarkable  manner,  though  I am  ftill  at  a 
lofs  to  account  for  the  proximate  cauje  of  the  phe- 
nomenon. 

Having  a phial  containing  fome  water  imper-^ 
fedly  impregnated  with  vitriolic  acid  air,  and  like-? 
wife  a quantity  of  the  quickfilver  on  which  the  im- 
pregnation had  been  made,  I found  that  when  they 
were  agitated  together  the  whole  mals  of  quickfilver 
was  divided  into  fmall  globules,  and  that  they  did 
not  perfedly  re-unite  after  being  at  reft  a day  and 
night.  But  when  the  phial  was  heatedy  they  united 
as  readily  as  in  common  water.  When  it  was  cold 
again,  the  mercury  was  divided  by  agitation,  and 
continued  divided,  but  not  quite  fo  much  as  be- 
fore. 

This  being  an  liquor,  I made  trial  of  other 
acids  5 and  I found  the  fame  effed  with  w7  of  vitriol  j 
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but  the  dlvifion  of  the  mercury  into  fmall  globules 
did  not  continue  very  long,  and  when  it  was  hot  the 
effedt  was  inconfiderable.  But  the  moft  complete 
effedt  of  this  kind  is  produced  by  vinegar,  A very 
little  agitation  of  mercury  in  this  acid  divides  it 
into  the  fmalleft  globules ; and  they  continue  with- 
out any  apparent  difpofition  to  re-unite  even  when 
very  hot.  While  this  divided  mercury  is  in  the 
vinegar  the  globules  may  be  poured  from  one  part 
of  the  phial  to  the  other  exaftly  like  fine  dry  fand, 
and  they  exhibit  a fingular  and  beautiful  appear- 
ance. All  the  vinegar  muft  be  evaporated  by  heat 
before  thefe  globules  will  unite. 

Mercury  agitated  in  fpirit  of  fait,  and  alfo  in  a 
volatile  alkaline  liquor,  was  not  attended  with  any 
remarkable  appearance  of  this  kind. 

I have  fometimes  been  much  amufed  with  an- 
other fingular  appearance.  In  agitating  mercury 
in  water,  elpecially  when  frefh  diftilled  (when  there 
has  not  been  a bubble  of  air  in  the  phial)  large  balls 
of  various  fizes,  fome  not  lefs  than  half  an  inch  in 
diameter,  have  not  only  rolled  upon  the  furface  of 
the  mercury,  after  it  had  completely  fubfided,  and 
continued  there  a confiderable  time,  but  have  float- 
ed up  and  down  in  the  water,  like  foap  bubbles  in 
the  air.  Thefe  bubbles  muft  confifl:  of  water  in- 
clofed  in  a thin  pellicle  of  mercury,  for  when  they 
burft,  nothing  vifible  comes  out  of  them,  and  the 
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quantity  of  mercury  about  them  is  not  enough  to 
be  perceived  in  its  defcent  through  the  water  after- 
wards. 

I may  alfo  mention,  as  another  pleafing  pheno-  ‘ 
menon  in  thefe  experiments,  the  viewing  of  a fmall 
quantity  of  the  moiftened  black  powder  with  the 
microfcope.  For  in  the  inftant  that  it  becomes 
dry,  the  colour  changes ; and  in  fo  fmall  a quan- 
tity the  change  is  almoft  inftantaneous,  fo  that  the 
black  globules  immediately  become  white,  and 
beautifully  polifhed  ones. 

In  order  to  afcertain  what  change  had  taken 
place  in  the  water  in  which  mercury  had  been  agi- 
tated, I diftilled  a quantity  of  it,  and  the  refult  of 
the  experiment  is  rather  in  favour  of  the  water 
having  feized  upon  the  calx  of  the  mercury,  than 
of  its  having  parted  with  any  phlogifton  to  it. 

After  the  diftillation  I found  a confiderable  quan- 
tity of  a yellowifh  refiduum,  which,  when  it  was 
cxpofed  to  heat,  on  a plate  of  glafs,  became  quite 
blacky  and  with  more  heat  was  brown.  Being  ex- 
pofed  to  the  open  air,  it  became  very  moift.  Put- 
ting it,  after  this,  into  a glafs  tube,  and  expofing  it 
to  a red  heat,  a whitifh  matter  fublimed  from  it, 
and  coated  the  infide  of  the  tube  at  fome  diftance 
from  it.  This  matter  was  not  dilfolved  by  fpiric 
of  fait;  and  therefore,  though  I think,  from  the 
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appearance  of  it,  it  was  probably  a calx  of  mercury, 
it  muft  have  been  an  imperfed;  one,  containing  a 
confiderable  proportion  of  phlogifton. 


SECTION  III. 

Of  the  Effect  of  long  continued  Agitation  on  ^ick^ 
ftlver. 

IN  order  to  give  quickfilver,  in  conjundbion  with 
various  other  fubftances,  a much  more,  and  a 
longer  continued  agitation,  than  I was  able  to  give 
them  by  fliaking  the  phials  that  contained  them  in 
my  hand,  I . got  a ftrong  wooden  box,  and  had  a 
contrivance  in  a neighbouring  mill  to  have  it  agi- 
tated whenever  the  mill  was  in  motion,  which  I 
found  was,  at  a medium,  about  twelve  hours  in 
twenty  four.  There  was  fome  difference  in  the 
circumflances  of  the  quickfilver  in  all  the  veffels, 
and  1 fhall  give  a brief  account  of  what  I obferved 
wdth  refpedt  to  them.  The  box  was  made  up,  and 
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fentto  the  mill  on  the  9th  of  December,  1777,  and 
the  contents  ofit  were  examined  on  the  i oth  of  May- 
following* 

No.  1.  An  eight  ounce  phial  with  a ground  ftop-- 
per  containing  a pound  of  quickfilver,  except  five 
pennyweights  which  it  had  loft  by  frequent  agita- 
tion in  the  fame  diftilled  water  with  which  it  was 
now  fhut  up,  the  water  being  about  four  times  the 
bulk  of  the  quickfilver,  marks  being  made  upon 
the  phial  with  a file,  to  denote  the  height  of  the 
water  and  of  the  quickfilver*  When  it  was  ex- 
amined, the  water  appeared  to  have  been  diminifhed 
one  feventh  in  its  bulk,  having  pofTibly  made  its 
efcape  by  the  fide  of  the  flopper.  The  quickfilver 
had  loft  eighteen  grains,  which  was  probably  the 
weight  of  the  black  powder  that  was  formed  in  it ; 
but  what  I thought  the  moft  extraordinary  cir- 
cumftance,  was  that  the  bottom  of  the  phial  was 
tinged  with  a deep  orange  colour.  Not  willing 
to  put  other  water,  or  other  quickfilver  into  this 
phial,  I made  no  other  trial  of  the  air,  than  by 
letting  a fmall  candle  down  into  it,  and  I obferved 
that,  to  all  appearance,  it  burned  very  well.  - 

No.  11.  A glafs  tube  hermetically  fealed,  con- 
taining quickfilver  and  diftilled  water,  which  had 
been  agitated  one  month  before,  in  confequence  of 
which  a good  deal  of  black  powder  had  been  form- 
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ed.  This  had  recdvifd  an  increafe  of  black  powder, 
and  part  of  the  veflel  was  coated  with  the  brown 
matter  above-mentioned. 

' No.  III.  A three  ounce  phial  with  a ground  ftop- 
per,  containing  quickfilver  and  water  diftilled  in 
glafs,  about  twice  the  bulk  of  the  quickfilver.  The 
furface  of  the  mercury  was  well  covered  with  black 
powder,  and  belide  this,  a good  deal  adhered  to  the 
bottom  of  the  phial,  and  was  alfo  difpofed  in  ftreaks 
almoft  furrounding  it,  in  the  middle  of  that  part 
of  the  phial  that  had  been  occupied  by  the  mer- 
cury. This  black  coating,  viewed  in  a certain, 
light,  appeared  of  a dirty  orange  colour.  A can- 
dle burned  in  the  top  of  the  phial. 

No.  IV.  A three  ounce  phial  with  a ground  ftop- 
per,  about  one  fifth  filled  with  quickfilver,  without 
Water.  The  quickfilver  was  well  covered  with 
black  powder,  and  alfo  a great  part  of  the  infide  of 
the  phial.  A candle  burned  in  it  very  well.  Whe- 
ther this  quickfilver  was  perfedtly  pure  I cannot 
abfolutely  fay.  If  it  had,  I can  hardly  think  there 
would  have  been  fo  much  black  powder  y and  yet 
had  it  been  very  impure,  the  air  within  the  phial 
would  have  been  phlogifticated.  If  the  quickfilver 
was  pure,  the  agitation  muft  have  dilpofed  one  part 
of  the  quickfilver  to  part  with  its  phlogifton,  and 
another  part  of  the  fame  mafs  to  have  received  it, 
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which  the  circumftances  in  the  other  cafes  render 
probable ; and  if  we  admit  this  hypothefis,  we  fhall 
be  relieved  from  the^  fuppofition  of  the  water,  in 
the  former  experiments,  communicating  the  phlo- 
giflon  to  the  quickfilver,  in  order  to  the  formation 
of  the  black  powder. 

No.  V.  A two  ounce  phial  with  a ground  ftop* 
per,  containing  quickfilver  and  fpifit  of  wine,  the 
latter  one  and  a half  more  in  bulk  than  the  formen 
The  fpirit  was  a little  diminilhed  in  bulk,  the  mer- 
cury had  more  black  powder  upon  it  than  there 
was  in  the  phial  containing  quickfilver  and  watery 
and  a compad  body  of  this  black  powder  covered 
one  fide  of  the  phial ; beginning  at  the  furfaCe  of 
the  fpirit,  and  reaching  to  the  top*  ' 

No.  VI.  A two  ounce  phial  with  a grolind  Hop- 
per, containing  mercury  and  oil  of  turpentine,  about 
One  and  a half  as  much  as  the  bulk  of  the  mer- 
cury. In  this  there  was  no  fenfible  change. 

I have  obferved  that,  in  the  phial  in  which 
quickfilver  only  had  been  agitated,  and  alfo  in  an- 
other which  had  contained  both  quickfilver  and 

X 

water,  there  was  a quantity  of  brownifh  matter  ad- 
hering to  the  glafs.  Had  this  matter  been  a calx 
of  lead,  mixed  with  the  mercury>  the  air  within 
the  phial  would  certainly  have  been  phlogifticated, 
Befides  I am  pretty  fure  that  I had  taken  fufficient 
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care  to  have  this  mercury  pure.  I am  therefore 
inclined  to  think,  notwithftanding  the  peculiar  man- 
ner in  which  it  was  produced,  that  it  was  the 
dpitate  per  fe.  The  few  obfervations  that  I did 
make  upon  it  are  all  in  favour  of  this  fuppofition. 
When  I expofed  it  to  the  heat  of  the  fire,  it  be- 
came of  a deep  and  proper  orange  colour,  and  when 
1 expofed  the  phial  that  contained  it  to  a great  de- 
gree of  heat,  but  not  fufficient  to  melt  the  glafs, 
the  air  within  the  phial  was  found  afterwards  to  be 
rather  better  than  common  air,  though  not  fo  much 
as  that  I could  be  abfolutely  certain  the  feeming 
difference  might  not  have  been  owing  to  fome  acci- 
dent in  making  the  experiment. 

But  what  I think  the  mod  nearly  decifive  in  fa- 
vour of  this  hypothecs  is,  that  the  phenomena  at- 
tending the  folution  of  this  fubdance,  and  of  the 
predpitate  per  in  fpirit  of  fait,  are,  in  all  the  re- 
fpefts  in  which  I compared  them,  the  very  fame. 
This  orange  coloured  matter  in  the  phials  was  in- 
dantly  diffolved  by  the  fpirit  of  fait,  which,  from 
being  of  a light  draw  colour,  became  colourlefs, 
like  water ; and  when  it  was  afterwards  evaporated, 
it  left  a perfedly  white  fubdance  behind.  In  all 
thefe  particulars  the  folution  of  a fmall  quantity  of 
predpitate  per  Je  was  attended  with  the  fame  appear- 
ances. Alfo  when  a little  of  both  the  refidua  was 
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laid  on  a thin  plate  of  glafs,  and  expofed  to  the 
heat  of  a candle,  they  were  evaporated  in  a white 
fmoke,  exactly  alike. 

Admitting  this  fubftance  to  be  a true  precipitate 
per  fe^  or  a complete  calx  of  mercury,  we  may 
perhaps  explain  the  formation  of  the  Mack  powder 
produced  by  the  agitation  of  mercury  in  water,  by 
fuppofing  that  while  one  part  of  the  mercury  is 
fuper-phlogifticated,  and  becomes  black,  another 
part  of  the  fame  mafs  is  dephlogifticated  or  re- 
duced to  a calx,  which  is  firft  white,  but  would  in 
time  aflume  an  orange  colour.  And  that  the  wa- 
ter dilTolves  a part  of  this  calx,  feems  probable 
from  the  obfervation  I made  on  the  depofit  made 
by  it  when  it  was  evaporated. 
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Experiments  proving  the  great  Volatility  of 
fiver. 


HAT -mercury  is  volatile,  even  in  the  tem- 


perature  of  the  atmofphere,  when  its  furface 
is  expofed  to  a vacuum ^ has  been  long  evident  from 
obfervations  on  the  barometer,  in  fome  of  which, 
expofed  in  the  fun,  a perfect  diftillation  is  per- 
petually going  on  j the?  invifible  mercurial  vapour 
always  riling  on  the  warmer  fide  of  the  tube,  and 
then  forming  into  globules,  and  running  down  the 
oppofite  lide,  in  the  form  of  denfe  fluid  mercury. 
But  the  experiments  I have  lately  made  feem  to 
Ihew  that  this  heavy  fubfliance  is  hot  lefs  volatile 
when  confined  by  vitriolic  acid  air,  though  prefled  - 
with  the  weight  of  the  atmofphere,  and  that  it  is  in 
feme  meafure  volatile,  even  when  expofed  to  com- 
mon air. 

' Prefently  after  the  difeovery  of  vitriolic  acid  air, 

I obferved  that  wfien  the'eledric  cxplofion  was 
taken  in  it,  which  was  done  by  confining  it  with 
quickfilver,  in  a glafs  fyphon,  fo  that  the  ele6tric 
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matter  was  rnade  to  pafs  from  the  mercury  in  one 
leg  of  the  fyphon  to  the  mercury  in  the  other,  the 
tube  was  prefently  covered  with  a black  incrufta- 
tion,  and  the  longer  the  explofions  were  continued, 
the  thicker  this  incruftation  grew.  I had  not  at 
that  time,  however,  any  fufpicion  that  this  black 
matter  came  from  the  quickfilvcr,  but  imagined 
that  it  was  altogether  formed  from  the  vitriolic  acid 
air.  This  I was  thep  led  to  conclude  from  there 
being  no  fuch  appearance  when  the  eledlric  fpark 
was  taken  in  marine  acid  air,  though  confined  by 
mercury,  in  the  very  fame  manner. 

Afterwards,  obferving  the  fame  black  matter, 
though  not  procured  with  the  fame  eafe,  or  in  fo 
great  a quantity,  when  the  explofion  was  taken  over 
mercury  in  common  air,  I could  not  help  fufpe6t- 
ing  that  this  black  matter  came  from  the  mercury  j 
and  this  fufpicion  was  confirmed  by  applying  heat 
to  it ; for  it  was  thereby  converted  into  white  fluid 
mercury.  I thought,  however,  that  it  was  pro- 
duced by  the  eledric  explofion  volatilizing  the  mer- 
cury, in  confequence  of  falling  dife^lly  upon  it.  For 
though  the  heat  occafioned  by  fuch  an  explofion 
be  confined  to  a fmall  fpace,  it  is  exceedingly  in- 
tenfe. 

That  the  explofion  might  not  affedl  the  fluid 
mercury,  I next  took  it  between  two  iron  wires, 
half  an  ipch  above  the  furface  of  the  mercury,  in 
H h 4 \ the 
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the  vitriolic  acid  air  confined  by  it,  and  ftill  had  the 
black  matter ; which  made  it  evident  that  the  elec- 
tric explofion  did  not  produce  the  evaporation  of 
the  mercury,  but  found  the  mercurial  vapour  dif- 
perfed  in  the  air.  I alfo  made  the  fame  experi- 
ment, and  with  a fimilar  refult,  in  common  air. 
But  in  this  cafe  I could  not  produce  the  black  mat- 
ter, at  leaft  in  any  fenfible  quantity,  at  any  con- 
liderable  diftance  above  the  furfaee  of  the  mercury ; 
and  in  no  refpedt  were  the  appearances  fo  ftriking, 
as  when  the  explofions  were  taken  in  vitriolic  acid 
air. 

I took  the  eledric  explofion  between  iron  wires 
at  the  diftance  of  feveral  inches  above  the  furfaee  of 
the  mercury  in  this  kind  of  air,  and  the  blacknefs 
within  the  tube  was  produced  juft  as  much  as  it 
had  been  when  the  explofion  was  taken  immediately 
upon  the  quickfilver  itfelf;  and  on  applying  heat 
to  the  black  matter  formed  in  thefe  circumftances, 
it  prefently  became  running  mercury  as  before. 

Having  taken  the  eledlric  explofion  at  various 
diftances  above  the  furfaee  of  the  mercury  by  which 
the  vitriolic  acid  air  was  confined,  and  always  with 
the  fame  fuccefs  ; I at  laft  took  it  at  the  greateft 
diftance  that  any  glafs  tube  1 had  by  me  would 
admit,  which  was  about  three  feet  above  the  fur- 
face  of  the  mercury.  But  even  in  this  cafe  the 
black  matter  was,  to  all  appearance,  produced  quite 
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as  readily,  as  when  the  explofions  had  been  taken 
ever  fo  near  to  the  furface  of  the  mercury  ; fo  that 
the  mercurial  vapour  had  completely  pervaded  this 
whole  Ipace  of  vitriolic  acid  air,  and  in  a very  fhort 
time ; for  I took  the  explofions  prefen tly  after  I had 
prepared  the  tube  for  the  experiment. 

But  to  be  quite  fure  that  this  black  matter  did 
not  proceed  from  the  vitriolic  acid  air,  I contrived 
to  take  the  eledric  explofion  in  it  when  it  was  not 
confined  by  mercury.  To  do  this,  I completely  fa- 
turated  a quantity  of  water  with  this  kind  of  air, 
confined  in  a glafs  tube,  in  the  top  of  which  I had 
cemented  apiece  of  iron  wire,  which  came  within  a 
proper  diftance  of  the  extremity  of  another  piece  of 
wire,  which  reached  to  the  bottom  of  the  tube. 
The  impregnated  water  was  confined  by  mercury  in 
the  tube,  and  in  the  bafon. 

In  thefe  circumftances  a fmall  degree  of  heat  made 
this  water  give  out  its  air  j fo  that  all  the  upper 
part  of  the  tube  was  filled  with  it,  refting  on  the 
water  only.  Between  thefe  two  wires  I took  large 
eledric  explofions  a confiderable  time,  but  no  black 
matter  was  produced.  It  is  evident,  therefore,  that 
this  black  matter  confifts  of  mercury  fuper-phlogtfti- 
cated\  the  phlogifton  coming  from  the  electric  matter 
when  the  explofions  are  taken  in  common  air,  but  chiefly 
from  the  vitriolic  acid  air  which  abounds  with  it, 
when  they  are  taken  in  that  air  j and  this  accounts 

for 
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for  the  appearances  being  fo  much  more  remark*- 
able  in  this  kind  of  air  than  in  common  air. 

But  though,  in  my  experiments  on  mercury,  re-^ 
cited  before,  mercury  fuper-phlogifticated  by  agi- 
tation in  water,  and  affuming  the  form  of  a black 
powder,  becomes  white  running  mercury  the  mo- 
ment that  it  becomes  dry,  this  was  not  the  cafe  with 
the  black  matter  in  this  procefs.  However,  when 
I moiftened  a little  of  it,  and  dried  it  again,  1 thought 
that  part  of  its  blacknefs  difappeared,  though  not 
very  fenfibly. 

Ethiops  mineral  is  a compofltion  of  mercury  and 
fulphur,  and  therefore  refembles  the  black  mat- 
ter produced  by  thefe  eledlric  explolions  in  vitriolia 
acid  air,  and  the  vapour  of  mercury  ; the  vitriolic 
acid  air  alone,  as  I have  fhewn,  becoming  fulphur 
in  certain  circumftances.  I thought,  therefore,  that 
this  black  matter  might  be  a real  ethiops  5 but  when 
i put  a little  of  it  upon  hot  iron,  I did  not  per-^ 
ceive  any  blue  fiame  to  arife  from  it.  If,  there- 
fore, this  black  matter  be  an  ethiops  mineral, 
the  proportion  of  fulphur  in  it  muft;  be  exceedingly 
fmalh 

It  ftill  remained  to  be  determined,  whether  this 
diflufion  of  mercurial  vapour  through  the  vitriolic 
acid  air  was  cccafioned  by  a proper  evaporation^  that 
is,  by  the  repulfion  of  its  particles,  whereby  It  is 
made  to  aiiume  an  eiaftic  form,  and  in  that  ftate  to 
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mix  with  the  air ; or  whether  there  be  a chemical 
union  formed  by  the  mercury  and  this  kind  of  air, 
and  it  therefore  becomes  incorporated  with  it.  The 
following  experiment  feems  to  decide  in  favour  of  a 
proper  evaporation. 

I put  a fmall  globule  of  mercury  ipto  a narrow 
glafs  tube,  communicating  with  the  infide  of  the 
phial  in  which  the  oil  of  vitriol  and  copper  for  the 
production  of  vitriolic  acid  air  were  contained. 
But  though  I heated  thefe  materials,  and  continued 
the  production  of  vitriolic  acid  air  in  thefe  circum- 
ftances  a long  time,  fo  that  the  globule  of  mercuty 
was  always  kept  expofed  to  a torrent  of  this  kind  of 
air,  newly  generated,  1 faw  no  prolpeCt  of  its  being 
at  all  diminifhed  by  it.  I therefore  conclude  that 
vitriolic  acid  air  does  not  properly  take  up,  fo  a^ 
to  combine  with  the  mercury.  However,^  it  mull 
be  acknowledged  to  be  dijfiicult  to  account  for  thq 
quantity  of  mercury  contained  in  this  black  matter, 
in  whatever  manner  it  becomes  diffufed  through 
the  air,  confidering  that  this  globule  of  mercury 
was  not  fenfibly  diminifhed.  This,  however,  might 
poflibly  be  owing  to  its  being  continually  furrounded 
with  a little  moifture,  from  which  I could  not  keep 
it  free  5 owing  perhaps  to  the  oil  of  vitriol  not  being 
fufHciently  concentrated,  fo  that  the  watery  part 
was  throw^n  off  by  the  heat. 
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' I alfo  found  much  black  powder  whenever  I de- 
compofed  dephlogifticated  and  inflammable  air  over 
mercury ; and  as  it  was  no  doubt  of  the  fame  nature 
with  that  which  was  produced  by  the  ele<fl:ric  fpark 
in  vitriolic  acid  air,  I fliall  fubjoin  the  experiments 
relating  to  it. 

In  this  procefs  the  inflde  of  the  veflfel  was  always 
very  black  after  each  explofion,  and  when  I poured 
in  the  mercury  after  the  explofion,  though  there  was 
nothing  vifible  in  the  air  within  the  veflfel,  there  if- 
fued  from  the  moyth  of  it  a denje  vapour.  This  was 
even  the  cafe,  though  I waited  fo  much  as  two  mi- 
nutes after  any  explofion  before  I proceeded  to  put 
in  more  mercury  in  order  to  make  another ; which 
if  the  vapour  had  been  fteamy  would  have  been  time 
more  than  fufficient  to  permit  it  to  condenfe  into 
water.  I even  perceived  this  vapour  when  I had  a 
quantity  of  v/ater  in  the  veflfel,  and  the  explofion 
was  confequently  made  over  it,  as  well  as  in  conta6b 
with  the  fides  of  the  veflfel  which  were  wetted  with 
it  5 fo  that  as  this  vapour  had  pafTed  through  the 
whole  body  of  water  when  the  veflfel  was  inverted, 
it  is  probable  that  it  mull  have  confifted  of  fome- 
thing  elfe  than  mere  water.  But  I was  never 
able  to  colledt  any  quantity  of  it,  though  it  mull 
have  been  fomething  produced  by  the  union  of  the 
nyo  kinds  of  air. 
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In  order  to  colled  a quantity  of  the  matter  that 
formed  this  vapour,  I contrived  the  fgllowing  appa- 
ratus. In  a cork  (a)  PL  VII.  fig.  3,  with  which 
I could  fhut  the  orifice  of  the  ftrong  glafs  veflel  (^) 
in  which  the  explofions  were  made,  I had  two  per- 
forations. Through  one  of  thefe  (f)  I poured  the 
mercury,  by  means  of  a glafs  funnel  ^ but  into  the 
other  was  introduced  a glafs  tube,  which,  being 
bended,  was  inferred,  by  means  of  a cork,  into  a 
thin  glafs  veflel  (d)  and  went  almofl  to  the  bot- 
tom of  it.  A fmall  hole  was  alfo  made  in  the  cork, 
to  permit  the  air  to  go  out.  Confequently,  ail  the 
air  that  remained  in  the  ftrong  glafs  veflTel,  with 
whatever  vapour  it  might  contain,  mu  ft,  as  I poured 
in  the  mercury,  neceflTarily  pafs  through  the  glafs 
tube,  and  be  diffufed  through  the  thin  glafs  veflel ; 
in  which  I imagined  that  all  its  contents,  fluid  or 
foiid,  mufl  be  depofited.  However,  though  I re- 
peated the  experiment  feveral  times  with  this  appara- 
tus, making  about  twenty  explofions  in  each,  I 
could  not  find  any  depofit  in  the  veflfel,  befides  a 
fmall  quantity  of  water  ; which,  added  to  the  wa- 
ter colje61;ed  in  the  ftrong  veflTel,  came  far  fhort  of 
the  weight  of  the  air  that  was  decompofed. 

Being  defirous  of  afeertaining,  as  perfedly  as  I 
could,  the  nature  of  that  black  matter  which  I pro- 
cured by  decompofing  dephlogiftlcated  and  inflam- 
mable air,  I frequently  exploded  great  quantities 
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of  the  two  kinds,  and  neVet  failed  to  cOlleft  it.  But  I 
have  not  yet  been  able  perfe6lly  to  fatisfy  myfelf  with 
fefpe6l  to  the  nature  of  it; ' From  the  following  ex- 
periments it  feems  pretty  certain,  that  mercury  is 
neceflary  to  its  production,  and  I have  never  found 
it  in  veffelsr  in  which  mercury  had  not  been  con- 
tained. 1 did  not,  however,  find  it  to  be  aCted 
upon  by  fpirit  of  nitre  fo  readily  as  that  black  pow- 
der which  is  got  by  agitating  mercury  in  pure  water 
(which  can  be  nothing  but  mercury  fuper-phlogiftl- 
cated)  but  thought  that  it  approached  nearer  to 
the  action  of  that  acid  upon  foot,  the  blacknefs  of 
Which  is  not  difcharged  except  by  frequent  afFufions 
of  that  acid. 

When  there  was  much  water  in  the  vefifel  in  which 
the  explofions  were  made,  there  was  no  black  mat- 
ter produced,  though  the  lower  part  of  the  vefiel 
contained  mercury  ; and  though  by  repeated  ex- 
plofions in  thefe  circumftancesj  the  water  did  be- 
come turbid,  and  depofit  a black  fediment,  it  was 
by  no  means  fo  much  as  I always  got  when  I only 
juft  moiftened  the  infide  of  the  vefiel,  by  filling  it 
with  mercury  immediately  after  there  had  been  wa- 
ter in  it.  In  this  laft  cafe,  all  the  infide  of  the  vefiel 
hever  failed  to  be  made  exceedingly  black  by  every 
explofion;  and  repeating  this  pro'cefs,  I was  able, 
by  pouring  in  water,  to  celled:  a confiderable  quan- 
tity of  black  fediment.'  From  this  it  fiioiild  feem, 

that 
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that  the  infide  of  the  veflel  contained  a fubtle  invifible 
vapour  of  mercury ^ which  became  black  by  the  phlo- 
gifton  from  the  decompofed  inflammable  air  ; and 
this  black  powder,  as  I have  obferved,  is  not  much 
affedted  by  fpirit  of  nitre,  but  has  very  much  the 
property  of  Jooty  in  that  refpedt,  which  is  a circum- , 
fiance  that  certainly  deferves  to  be  farther,  invefli- 
gated. 

At  one  time,  having  the  infide  of  the  ftrong  glafs 
tube  made  very  black  with  thefe  explofions,  ! let  it 
remain  a day  or  two  expofed  to  the  common  air, 
when  the  blacknefs  difappeared,  leaving  the  infide 
of  the  veffel  covered  with  fmall  globules  of  white 
mercury.  It  feems,  therefore,  that  part  of  the 
phlogifton  of  the  inflammable  air  fbmetimes  at- 
taches itfelf  to  the  vapour  of  mercury,  difrufed  invi- 
fibly  through  the  fpace  within  the  veffel,  and  that  it 
quits  it  to  unite  to  the  air  of  the  atmofphere. 


PART 


4^0 


. OBSERVATIONS:©?! 


Part  IIL 


( 


PART  III. 

EXPERIMENTS  AND  OBSERVATIONS  RELATING  TO 
IRON. 


SECTION  I. 

On  heating  Iron  in  dephlogifticated  Airy  and  afterwards 
in  inflammable  Air. 

I BEGAN  thefe  experiments  with  a view  to  af- 
certain  whether  any  water  be  produced  when  the 
air  is  made  to  difappear  in  them.  Accordingly, 
into  a glafs  veflel  containing  feven  ounce  meafures 
of  pretty  pure  dephlogifticated  air,  I introduced  a 
quantity  of  iron  turnings  (which  is  iron  in  fmall 
thin  pieces,  exceedingly  convenient  for  thele  and 
many  other  experiments)  having  previoufly  made 
them,  together  with  the  veftel,  the  air,  and  the 
mercury,  by  which  it  was  confined  as  dry  as  I 
poflibly  could.  Alfo,  to  prevent  the  air  from  im- 
bibing any  moifture,  I received  it  immediately  in 

the 
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the  vefTel  Iri  which  the  experiment  was  made,  from, 
the  procGls  of  procuring  it  from  red  ■ precipitiate  5 
fo  that  it  had  never  been  in  contad  with  any  wa-* 
ter. 

I then  fired  the  iron,  by  means  of  a burning  lens| 
and  prefently  reduced  the  feven  ounce  meafures  of 
air  to  65  of  a meafure  ; but  I found  no  rripre  wa-^ 
ter  after  this  procefs  than  I imagined  it  Had  not 
been  poffible  for  me  to  exclude,  as  it  bore  no  pro- 
portion to  the  air  which  had  difappeared;  Examin- 
ing the  refiduum  of  the  air,  I found  one  fifth  of  it' 
to  be  fixed  air,  and  when  I tried  the  purity  of  that 
which  remained  by  the  teft  of  nitrous  air,  it  did  not 
appear  that  any  phlogiflicated  air  had  been  pro- 
duced in  the  procefs ; for  though  it  was  more  im- 
pure than  I fuppofe  the  air  with  which  I 'began  the 
experiment  mufl  have  been,  it  was  not  more'  fo 
than  the  phlogiflicated  air  of  the  feven  ounce  mea- 
fures,  w’hich  had  not  been  affeded  by  the  procelsi; 
and  which  mud  have  been  contained  in  the  ‘ refidu- 
um, Would  neceffarily  make  it.  In  this  cafe  one 
meafure,  of  this  refiduum  and  two  of  nitrous  air  oc- 
cupied the  fpace  of  .32  of  a meafure. 

In  another  experiment  of  this  kindj  ten  ounce 
meafures  of  dephlogiflicated  air  were  reduced  to  ,8 
of  a meafure,  and  by  walking  in  lime  water  to  .38. 

In  thefe  experiments  the  fixed  air  mufl;  I'pfe- 
fume,  have  been  formed  by  the  union  of  the  phlo- 
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gifton  from  the  iron  and  the  dephlogifticated  air  in 
which  it  was  ignited  j but  the  quantity  of  it  was 
fmall  in  proportion  to  the  air  which  had  dif- 
appeared,  and  at  that  time  I had  no  fufpicion  that 
the  iron,  which  had  been  melted,  and  gathered  into 
round  balls,  could  have  imbibed  any  air ; a melting 
heat  having  been  fufficient,  as  I had  imagined,  to  expel  “ 
every  thing  that  was  capable  of  aflumlng  the  form 
of  air  from  any  fubftance  whatever.  I was  there- 
fore entirely  at  a lofs  about  what  muft  have  become 
of  the  air. 

Senfible,  however,  that  fuch  a quantity  of  air 
muft  have  been  imbibed  by  Jcmethingy  to  which  it 
muft  have  given  a very  perceivable  addition  of 
weight,  and  feeing  nothing  elfe  that  could  have  im- 
bibed ir,  it  occurred  to  me  to  weigh  the  calx  to 
which  the  iron  had  been  reduced ; and  I prefently 
found,  that  the  dephlogifticated  air*  had  aflually 
been  imbibed  by  the  melted  iron,  in  the  fame  man- 
ner as  inflammable  air,  in  my  former  experiments, 
had  been  imbibed  by  the  melted  calces  of  metals^ 
however  improbable  fuch  an  abforptlon  might  have 
appeared  to  me  a priori.  In  the  firft  inftance,  about 
twelve  ounce  meafures  of  dephlogifticated  air  had 
difappeared,  and  the  iron  had  gained  .fix  grains  in 

* It  will  appear,  however,  by  fubfequent  experiments,  that  it 
''  was  not  dephlogillated  air  that  was  imbibed  by  the  iron,  but  only 
the  water,  which  is  by  far  the  greateft  part  of  it. 
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weight.  Repeating  the  experiment  very  frequently, 
I always  found,  that  other  quantities  of  iron,  treated 
in  the  fame  manner,  gained  fimilar  additions  of 
weight,  which  was  always  very  nearly  that  of  the  air 
/ which  had  difappeared. 

This  calx  of  iron,  I then  concluded,  was  by  no 
means  what  I had  before  taken  it  to  be,  viz.  a pure 
calxy  or  Jlagy  but  either  the  calx,  or  the  iron  itfelfi 
faturated  with  pure  air.  This  calciform  fubftance 
I found,  by  various  experiments,  to  be  the  fame 
thing  with  the  fcales  that  fly  from  iron  when  it  is 
made  red  hot,  or  the  fubftance  into  which  it  runs  in 
a very  intenfe  heat,  in  an  open  fire*. 

Concluding  from  the  preceding  experiment,  that 
iron  fufficiently  heated,  was  capable  of  faturating 
itfelf  with  pure  air,  extraded  from  the  mafs  of  the 
atmofphere,  I then  proceeded  to  melt  it  with  the 
heat  of  a burning  lens  in  the  open  air  ; and  I pre- 
fently  found,  that  perfect  iron  was  eafily  fufed  in  this 
way,  and  continued  in  this  fufion  a certain  time, 
exhibiting  the  appearance  of  hi/iug  or  throwing  out 
air,  whereas  it  was,  on  the  contrary,  imbibing 
air ; and  when  it  was  faturated  the  fufion  ceafed,  and 
the  heat  of  my  lens  could  not  make  any  farther  im- 
prefTion  upon  it.  When  this  was  the  cafe,  I always 


* It  is  alfo  the  fame  thing  with finery  cinder,  of  which  an  account 
will  be  given  hereafter. 
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found  that  it  had  gained  weight  in  the  proportion  of 
‘ .71  to  243  which  is  very  nearly  one  third  of  its  origi- 
nal weight.  The  fame  was  the  effed  when  I melted 
ft  eel  in  the  fame  circumftances,  and  alfo  every  kind 
of  iron  .on  which  the  experiment  could  be  tried. 

There  was  a peculiar  circumftance  attending  the 
melting  of  caft  iron  with  a burning  lens,  which  made 
it  impolTible  to  afcertain  the  addition  that  was  made 
to  its  weight,  and  at  the  fame  time  afforded  an 
amuling  fpedacle  ; for  the  moment  that  any  quan- 
tity of  it  was  melted,  and  gathered  into  a round 
ball,  it  began  to  difperfe  in  a thoufand  diredions,  ex- 
hibiting the  appearance  of  a moft  beautiful  fire-work, 

^ fome  of  the  particles  flying  to  the  diftance  of  half 
a yard  from  the  place  of  fufion ; and  the  whole  was 
attended  with  a conflderable  hiffing  noife.  Some  of 
the  largeft  pieces  which  had  been  difperfed  in  this 
manner  I was  able  to  colled,  and  having  fubjeded 
them  to  the  heat  of  the  lens,  they  exhibited  the  fame 
appearance  as  the  larger  mafs  from  which  they  had 
been  fcattered. 

When  I melted  this  caff  iron  in  the  bottom  of  a 
deep  glafs  receiver,  in  order  to  colled  all  the  parti- 
cles that  were  difperfed,  they  firmly  adhered  to  the 
glafsj  melting  it  fuperficially,  though  without  mak- 
ing it  crack,  fo  that  it  was  ftill  impoflible  to  colled 
and  weigh  the  particles.  However,  I generally 
found  that,  notwithftanding  the  copious  dilperfion/ 
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what  remained  after  the  experiment  rather  exceeded 
than  fell  fhort  of  the  original  weight  of  the  iron. 
Sometimes  a piece  of  common  iron,  and  efpecially 
fteel,  would  make  a little  hiding  in  the  fufion,  and 
a particle  or  two  would  fly  off ; but  this  was  never 
confiderable 

Having  now  procured  what  I thought  to  be  a new 
calx  of  iron,  or  a calx  faturated  with  pure  air,  I 
endeavoured  to  revive  it  by  making  it  imbibe  in- 
flammable air,  in  the  fame  manner  that  I had  be- 
fore made  iron,  and  various  other  metals,  by  melt- 
ing them  in  a veflel  containing  inflammable  air. 
In  this  1 fucceeded ; but  in  the  courfe  of  the  experi- 
ment a’ new  and  very  unexpected  appearance  occur- 
red. I took  a piece  of  iron  which  1 had  faturated 
with  pure  air,  and  putting  it  into  a glafs  veflel  con- 
taining inflammable  air,  confined  by  water,  threw 
upon  it  the  focus  of  the  lens,  and  prefently  perceived 
the  inflammable  air  to  difappear,  and  without  think- 
ing of  any  thing  efcaping  from  the  calx  of  iron 
(which  had  been  fubjeCted  to  a greater  heat  before) 
1 imagined  that  I fliould  have  found  the  addition 

* On  being  informed  of  the  above-mentioned  phenomena,  Mr. 
Watt  concluded,  that  the  balls  of  the  dephlogifticated  air  united  to 
the  phlogifton  of  the  iron,  and  formed  water,  which  was  attra<Jled 
by,  and  remained  fo  firmly  united  to  the  calx  of  iron,  as  to  refift  the 
e^fedls  of  heat  to  feparate  them.  Neither  he  nor  myfelf  had,  at 
that  time,  any  idea  of  the  quantity  of  water  that  is  a conftituent 
part  of  dephlogifticated  air. 
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of  the  weight  of  air  in  the  iron,  and  the  refult  might 
be  an  iron  different  from  the  common  fort.  But 
I found,  to  my  furprife,  that  the  iron  which  had 
exhibited  no  new  appearance  in  this  mode  of  treat- 
ment, had  loft  weight,  inftead  of  gaining  any.  The 
piece  of  iron  on  which  I made  this  firft  experiment, 
weighed  eleven  grains  and  a halfi  and  feven  ounce 
meafures  and  a half  of  inflammable  air  had  difap- 
peared  while  the  iron  had  loft  two  grains  and  a half. 

Confidering  the  quantity  of  inflammable  air  that 
had  difappeared,  viz.  feven  ounce  meafures  and  a 
half,  and  the  dephlogifticated  air  which  had  been  ex- 
pelled from  the  iron,  viz.  two  grains  and  a half^ 
which  is  equal  to  about  4.1  ounce  meafures,  I 
found  that  they  were  very  nearly  in  the  proper  pro- 
portion  to  faturate  each  other,  when  decompofed  by 
the  eledtric  fpark,  viz.  two  meafures  of  inflamma- 
ble air  to  one  of  dephlogifticated  air.  I therefore 
had  now  no  doubt  but  that  the  two  kinds  of  air  had 
united,  and  had  formed  either  fixed  air  or  water ; 
but  which  it  was  I could  not  tell,  having  had  water 
in  the  receiver  in  which  the  experiment  was  made, 
and  having  negledted  to  examine  the  ftate  of  the  air 
that  remained,  except  in  a general  way,  by  which 
I found,  that  it  was  ftill,  to  appearance,  as  inflam- 
mable as  ever. 

With  a view  to  determine  whether  jixed  air^  or 
water^  would  be  die  produce  of  this  mode  of  com- 
bining 
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blning  inflammable  and  dephlogifticated  air,  I re- 
peated the  experiment  in  a veflel  in  which  the  inflam- 
mable air  was  confined  by  mercury,  and  both  the 
veflel  and  the  mercury  had  been  previoufly  made  as 
dry  as  poflible.  I had  no  fooner  begun  to  heat  the 
yron,  or  rather  Jlagy  in  thefe  circumftances,  than  I 
perceived  the  air  to  diminilh,  and  at  the  fame  time 
the  infide  of  the  veflel  to  grow  very  cloudy,  with 
particles  of  dew  that  covered  aimoft  the  whole  of  i t. 
Thefe  particles  by  degrees  gathered  into  drops,  and 
ran  down  the  fides  of  the  velfel  in  all  places,  except 
where  it  was  heated  by  the  fun  beams ; fo  that  it 
then  appeared  to  me  very  evident,  that  water ^ with 
or  without  fixed  air,  was  the  produce  of  the  inflam- 
mable air,  and  the  pure  air  let  loofe  from  the  iron 
in  this  mode  of  operation  ; but  I am  now  fatisfied 
that  the  water  I procured  was  the  fame  that  the  iron 
had  before  imbibed.  When  1 had  examined  the 
remaining  air,  it  was  as  inflammable  as  ever,  with- 
out containing  any  mixture  of  fixed  air  at  all. 

When  I colle6ted  the  water  which  was  produced 
in  this  experiment,  by  means  of  a piece  of  filtering 
paper,  carefully  introduced  to  abforb  it,  I found  it 
to  be,  as  nearly  as  poflible,  of  the  fame  weight  with 
that  which  had  been  loft  by  the  iron  : and  alfo,  in 
every  experiment  of  this  kind,  in  which  I attended 
to  this  circumftance,  I found  that  the  quantity  of 
inflammable  air  which  had  difappeared,  was  about 
I i 4 double 
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double  to  that  of  the  dephlogifticated  air  fet . loofe 
from  the  iron,  fuppofing  that  weight  to  have  been 
j*educed  into  air.  Thus  at  one  time  1 made  a piece 
of  this  flag  imbibe  five  ounce  meafures  and  a half  of 
inflammable  air,  while  it  loft  as  much*  as  the  weight 
of  about  three  ounce  meafures  of  dephlogifticated , 
air,  and  the  water  colle6ted  weighed  two  grains. 
Another  time  a piece  of  flag  loft  1.5  grains,  and 
the  water  produced  was  1.7  grains;  but  perfe6t  ac- 
curacy is  not  to  be  expe61:ed.  I fhall  only  mention 
one  more  experiment  of  this  kind,  in  which  fix 
ounce  meafures  and  a half  of  inflammable  air  were 
reduced  to  .92  of  an  ounce  meafure,  and  the  iron 
had  loft  two  grains,  equal  in  weight  to  3.3  ounce 
meafures  of  dephlogifticated  air.  In  all  the  above- 
mentioned  experiments,  the  inflammable  air  was 
that  which  is  produced  by  the  folution  of  iron  in 
acids. 

As  before  I had  finifhed  this  courfe  of  experi- 
ments I*  had  fatisfied  myfelf  that  inflammable  air 
always  contains  a portion  of  water,  and  alfo,  that 
when  it  has  been  fome  time  confined  by  water,  it 
imbibes  more,  fo  as  to  be  increafed  in  its  fpecific 
gravity  by  that  means,  I repeated  the  experiment 
with  inflammable  air  which  had  not  been  confined 
by  water,  but  which  was  received  in  a veflfel  of  dry 
mercury  from  the  veflTel  in  which  it  was  generated  j 
but  1 prefently  perceived  that  water  was  produced 
4 in 
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in  this  cafe  alfo,  and  to  appearance  as  copioufly  as 
in  the  former  experiment.  Indeed,  the  quantity 
of  water  produced,  which  fp  greatly  exceeded  the 
weight  of  all  the  inflammable:  air,  is  fufflcienc  to 
prove  that  it  muft  have  had  fome  other  fource  than 
any  conftituent  part  of  that  air,  or  the  whole  of  it, 
together  with  the  water  contained  in  it,  without 
taking  into  conflderation  the  correfponding  lofs  of 
weight  in  the  iron, 

I mufl  here  obferve,  that  the  iron  flag  which  I 
had  treated  in  this  manner,  and  which  had  thereby 
loft  the  weight  which  it  had  acquired  by  melting 
in  dephlogifticated  air,  became  perfeSi  iron  as  at 
firft,  and  was  then  capable . of  being  melted  by  the 
burning  lens  again ; fo  that  the  fame  piece  of  iron 
would  ferve  for  theft  experiments  as  long  as  the 
operator  fhould  chufe.  It  was  evident,  therefore, 
that  if  the  iron  had  loft  its  phlogifton^in  the  pre- 
ceding fulion,  it  had  acquired  it  again  from  the 
inflammable  air  which  it  had  abforbed ; and  I do 
not  fee  how  the  experiment  can  be  accounted  for 
in  any  other  way,  which  neceflkrily  implies  the  reality 
of  phlogifton  as  a conftituent  principle  in  bodies. 
This,  at  leaft,  is  the  moft  natural  way  of  account- 
ing for  the  appearances. 

- Having  had  this  fuccefs  with  the  calx,  or  fcales- 
cA  irony  I tried  the  calx  of  coppery  or  thoft  fcales 
which  fly  from  it  when  it  is  made  red  hot ; and  I 

found 
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found  water  produced  in  the  inflammable  air  in  the 
fame  manner  as  when  I ufed  the  fcales  of  iron  in 
the  fame  circumfliances. 

Iron,  I found,  acquired  this  additional  weight 
by  melting  in  an  earthen  retort,  as  well  as  in  the 
open  air  by  the  fun-beams,  if  it  were  poflible  for 
it  to  attrad  air,  or  whatever  elfe  it  is  that  is  the 
immediate  caufe  of  its  additional  weight.  Three 
ounces  of  common  iron  filings,  expofed  to  a ftrong 
heat  in  an  earthen  retort,  gained  eleven  penny- 
weights, or  264  grains,  and  yet  was  very  far  from 
having  been  completely  fufed.  Having  a glafa 
tube  communicating  with  the  retort,  in  order  to 
colledt  any  air  that  the  iron  flings  might  give  out, 
I found  that  when  they  were  very  hot,  the  water 
afeended  within  the  tube ; which  fhews  that  the  iron 
was  then  in  a ftate  of  abforbing,  and  not  of  giving 
out,  any  air. 

Willing  to  try  the  effedt  of  heating  iron,  and 
other  fubftances,  in  all  the  different  kinds  of  air, 
without  any  particular  expedation,  I found  that 
iron  melted  more  readily  in  vitriolic  acid  air  than 
in  dephlogifticated  air,  .the  air  was  diminifhed  as 
rapidly,  and  the  infide  of  the  veflel  was  covered 
with  a black  Jooty  matter^  which  when  expofed  to 
heat,  readily  fublimed  in  the  form  of  a white  va- 
pour, and  left  the  glafs  quite  clean.  The  iron, 
after  the  experiment,  was  quite  brittle,  and  miifl, 

I pre- 
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I prefume,  be  the  fame  thing  with  iron  that  is  ful- 
phuratedi  but  I did  not  particularly  examine  it. 
Of  feven  ounce  meafures  of  vitriolic  acid  air,  in  one 
of  thefe  experiments,  not  more  than  three  tenths  of 
an  ounce  meafure  remained ; of  this  two  thirds  was 
fixed  air,  and  the  refiduum  of  this  was  inflammable. 
I had  put  three  of  fuch  refiduums  together,  in  or- 
der to  make  the  experiment  with  the  greater  cer- 
tainty. 


S E C T I O N II. 

Of  the  ^lantity  of  inflammable  Air  yielded  hy  Iron  in 
its  different  States. 

The  moft  important  of  all  the  metals  is  un- 
queftionably  irony  and  it  feems  to  be  that 
which  is  as  yet  the  moft  imperfedfly  underftood, 
and  in  the  manufacture  of  which  there  is  the  great* 
eft  room  for  farther  improvements.  But  as  all 
experimenters  in  air  make  ufe  of  it,  at  leaft  for  the 
purpofe  of  procuring  inflammable  air  (that  being 
the  cheapeft  procefs  by  which  they  can  make  it) 
it  falls  daily  under  their  obfervation,  and  in  confe- 

I quence 
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quence  of  this  it  may  be  hoped,  that  ive'  fhall  gra- 
dually gain  a more  perfed:  knowledge  of'  it,  and 
that  this  knowledge'  will  lead  to  improvements  in 
pradice.  I cannot  promife  much  with  refped  to 
my  own  obfervations  on  the  fubjed,  but  all  new 
faEls  ought  to  be  reported,  and  fome  that  have 
occurred  to  me  are  of  fuch  a nature,  as,  in  the  hands 
of  manufadurers  in  a large  way,  may  perha'ps  he  of 
fome  utility. 

One  of  the  greateft  differences  with  relped  to 
iron  is  between  that  which  is  called  caft  iron  (which 
is  the  date  jn  which  it  comes  from  the  furnace) 
and  that  which  is  malleable.  In  the  former  date, 
though  exceedingly  hard,  it  is  brittle  ; fo  that  it  can 
no  more  be  brought  into  any  other  form  without 
melting,  than  glafs,  but  when  melted,  it  dill  con- 
tinues iron.  In  the  malleable  date,  it  is  no  longer 
capable  of  being  melted  again,  and  continuing  to 
be  iron,  but  it  is  flexible,  and  without  melting, 
may  be  hammered  into  any  fliape  that  is  wanted. 

I had  formed  an  idea,  from  what  I had  formerly 
read  on  the  fubjed,  that  this  great  change  in  iron- 
was  made  by  nothing  more  than  violent  hammering 
while  it  was  red  hot  5 but  when  I faw  the  real  pro- 
cefs,  I was  foon  convinced  that  this  was  a midake. 
For  in  the  finery  furnace  (or  that  furnace  which  is 
intended  to  refine  the  iron,  and  make  it  malleable) 
the  cad  iron  is  expofed  to  a drong  blad  of  air, 
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while  it  is  red  hot>  or  rather  in  a half  melted  ftate^; 
and  it  is  this  blaft  of  air  that  is  the  mold  neceditry, 
if  not  the  only  necefiary  circumftance,  in  producing 
this  change.  Alfo,  while  the  iron  undergoes  this 
operation,  a quantity  of  liquid  matter  runs  /rom  it, 
and  when  it  is  cold  acquires  the  form  of  a black 
cinder ; which,  from  the  name  of  the  furnace  out 
of  which  it  flows,  is  called  finery  cinder.  The  na- 
ture of  this  fubftance,  I think,  I have  inveftigatcd. 
When  this  finery  cinder  is  feparated  from  the  com- 
mon mafs,  what  remains  of  the  iron  is  adtually 
malleable  s but  being  in  loofe  fpungy  mafies  re- 
quires the  hammer  to  confolidate  it,  and  to  reduce 
it  into  a proper  form  for  farther  operations.  Alfo, 
a confiderable  quantity  of  finery  cinder  remains  in 
the  interftices  of  the  fpungy  maffes,  and  the  ham- 
mer is  ufeful  in  feparating  it. 

A farther  remarkable  change  in  the  conllltutlon 
of  iron,  is  that  by  which  it  is  converted  into  fteel^ 
which  is  made  by  cementing  it  v/ith  charcoal.  It  is 
then  capable  of  being  made  elaftic,  and  of  receiving 
various  degrees  of  hardnefs,  according  to  the  fiid- 
dennefs  with  which  it  is  cooled  after  it  has  been 
made  red  hot.  It  is  alfo  then  capable  of  being 
melted,  without  lofing  its  metallic  chara6ler. 

At  Birmingham,  I find  it  is  common  to  fubjedt 
call  iron  to  this  procefs  of  cementation  5 and  then 
it  is  faid  to  be  annealed.  • This- gives  it  a flight  dc- 
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gree  of  flexibility,  fo  that  it  may  be  ufed  for  fome 
kinds  of  nails.  Having  an  opportunity  of  pro- 
curing thefe  nails,  both  before  and  after  annealing, 

I have  made  many  experiments  on  them,  and  find 
that  this  procefs  makes  a remarkable  difference  in 
the  chemical  properties  of  the  metal ; and  fuch  as 
I lliould  not  have  expedted  a priori. 

Iron  that  is  annealed,  as  well  as  that  which  Is 
malleable,  and  alfo  fleel,  is  readily  diflTolved  in  di- 
luted oil  of  vitriol ; and  leaves  very  little  rcfiduum ; 
whereas  the  caft  iron  that  has  not  been  annealed, 
diflblves  with  great  difficulty,  and  when  it  is  dif- 
folved,  leaves  a great  quantity  of  black  refiduum. 
'^he  folution  itfelf  is  alfo  attended  with  fome  ap- 
pearances of  a very  ftriking  nature,  which  I fhall 
defcribe  as  they  occurred  to  me. 

From  twenty  four  grains  of  cafl;  iron,  in  the 
form  of  nails,  I got,  by  oil  of  vitriol  diluted  with 
about  three  times  as  much  water,  in  the  courfe  of 
fome  weeks  (for  without  external  heat  lefs  time  is 
not  fufficient)  fixty  nine  ounce  meafures  of  inflam-  * 
mable  air,  exceedingly  offienfive  to  the  fmell.  The 
nails  ilill  retained  their  form,  and  after  repeatedly 
heating  the  mixture  till  it  boiled,  very  little  more 
air  came  from  them,  I examined  them,  and  found 
them  to  be  pretty  foft,  fo  that  I could  eafily  cut 
them  with  a knife.  They  had  alfo  the  fame  highly 
ofFenfive  fmell  with  the  air  that  had  come  from 
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them ; and  being  put  into  a jar  of  common  air, 
they  foon  diminilhed,  or  phlogiflicated,  it. 

When  thefe  nails  were  dry,  they  were  brittle; 
and  though  white  on  the  outfide,  they  were  black 
within ; and  after  being  haftily  dried,  they  appear-  , 
ed  to  have  gained  fifteen  grains.  This  experiment 
explains  what  I am  told  is  commonly  obferved  by 
thofe  who  put  iron  pipes  into  pits,  in  which  there 
is  water  impregnated  with  vitriolic  acid.  For  in 
time  they  become  quite  foft,  or,  as  they  call  it, 
rotten y fo  that  they  can  be  cut  with  a knife.  That 
a good  deal  of  all  the  conftituent  parts  of  iron  re- 
mains in  this  fubftance,  was  evident  from  the  re- 
fult  of  my  melting  a piece  of  it  with  a burning 
lens.  For  though  it  neither  gained  nor  loft  any 
weight,  it  fpirted  a little  in  the  fufion,  and  threw 
out  fparks,  juft  like  caft  iron  in  the  fame  experi- 
ment. 

I was  too  hafty,  however,  in  concluding  that  the 
procefs  above-mentioned  was  over,  as  the  next  ex- 
periment will  fhew.  Half  an  ounce  of  caft  nails 
had  been  kept  in  oil  of  vitriol,  diluted  with  three 
times  as  much  water,  about  three  weeks,  and  thoug^i 
the  menftruum  had  been  changed  feveral  - times, 
and  they  had  yielded  130  ounce  meafures  of  air, 
they  retained  their  form.  But  I then  perceived 
fome  fpecks  of  black  matter  floating  in  the  liquor, 
and  after  a few  days  more,  I found  one  third  of 
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the  phial  In  which  the  folutlon  was  made  • quite 
opake  with  them.  Nothing  then  remained  in  the 
form  of  a nail ; and  during  this  breaking  up  of  the 
nails,  the  air  had  come  from  them  much  more 
copioully  than  it  had  done  for  a confiderabie  time 
before.  F or  the  whole  quantity  of  air  was  now  i 90 
ounce  meafures. 

The  air,  however,  comes  pretty  readily  at  the 
beginning  of  this  procefs.  For  fixty  ounce  mea- 
fures were  procured  in  a very  few  days,  whereas 
that  quantity  was  not  got  in  as  many  weeks  after- 
wards, till  the  form  of  the  nails  was  deftroyed. 
The  black  powder  that  remained  after  this  procefs 
had  a very  offenfive  fmell;  and  when  dried  haftily, 
weighed  eighteen  grains.  From  another  equal 
quantity  of  thefe  nails  this  black  powdery  refiduum 
weighed  feventeen  grains  and  a half,  and  this  was 
the  ufual  proportion  of  its  weight  to  that  of  the 
iron! 

What  this  black  matter  really  is,  how^  the  procefs 
of  annealing  can  fo  greatly  lelTen  the  quantity  of  it, 
and  what  connexion  this  circumftance  has  with  the 
folubility  of  the  iron  in  acids,  are  queftions  that 
well  deferve  confideration ; and  I think  it  very 
poffible,  that  a little  attention  to  the  fubje61:  may 
lead  to  an  ‘ eafy  folution  of  them,  and  a farther  in- 
fight  into  the  nature  of  iron. 
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Another  phenomenon  in  the  folutlon  of  this  caft 
iron  being  exceedingly  remarkable,  and  with  refpedt 
to  myfel^  an  unique  (for  I have  never  been  able  to 
repeat  the  obferyation)  I fliall  mention  the  particu- 
lars exadly  as  they  occurred  to  me,  and  as  I noted 
them  in  my  regifter  at  the  time. 

In  the  courfe  of  one  winter,  I had  put  half  an  ounce 
of  call  iron  nails  into  a mixture  of  oil  of  vitriol  and 
water,  and  in  the  fpace  of  about  two  months,  in 
the  cold  weather,  they  had  yielded  feventy  two 
ounce  meafiires  of  air ; but  the  menftruum  not 
having  been  changed,  much  copperas  was  concreted 
among  the  nails.  ■ In  the  following  fpring,  when 
I began  to  give  more  attention  to  the ' procefs,  I 
changed  this  liquor,  and  occafionally  applied  to  it 
the  heat  of  a candle,  in  order  to  accelerate  the  folu- 
tion.  A few  days  after  this  I obferved  in  the  liquor 
a great  number  of  tranjparent  filaments^  a quarter, 
or  half  an  inch  in  length,  like  the  fineft  hairs,  part 
of  them  adhering  to  the  nails,  at  the  ends,  but  the 
greateft  quantity  of  thefe  hair-like  cryftalsi  as  they 
may  be  called,  were  detached  from^em,  and  float- 
ed in  the  liquor.  ^ 

Taking  fame  of  them  out  of  the  menftruum,  I 
found  that  they  diflblved  in  frefti  water,  but  not 
immediately.  I then  took  them  all  out  of  the  phial, 
and  to  the  fame  nails  put  frefti  oil  of  vitriol  and 
water  ; and  in  a few  days  more  of  thefe  cryftals 
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appeared,  but  not  fo  many  as  before.  On  heating 
the  liquor  while  they  were  in  it,  they  all  difappear- 
ed ; but  after  a few  days  they  appeared  again,  and 
kept  increafing  very  much.  I made  them  difappear 
a fecond  time  in  the  fame  manner,  and  with  the 
return  of  cold  they  appeared  again.  Having  poured 
off  this  liquor,  with  the  cryftals  in  it,  I heated  that 
liquor,  and  made  them  difappear,  but  they  re- 
appeared in  the  fame  liquor  when  it  was  cold,  and 
no  more  in  the  frelh  liquor  that  was  put  to  the 
nails.  After  this  the  nails  broke  up,  and  the  air 
came  very  rapidly,  as  in  the  former  procefs,  and, 
in  all,  thefe  nails  yielded  163  ounce  meafures  of 
air. 

As  thefe  cryftals  were  formed  a little  time  before 
the  nails  broke  up,  I imagined  that,  whatever  the 
fubftance  was,  it  was  that  which  had  held  them 
together,  preventing  their  ealy  folution,  and  that  it 
was  attradbed  from  the  iron  in  the  operation  of  an- 
nealing. I alfo  thought,  that  by  repeating  this  pro- 
cefsj  and  watching  it  a few  days  before  the  breaking 
up  of  the  nails,  I could  not  fail  to  find  the  fame 
appearance.  But  diough  I repeated  the  experi- 
ment, and  with  ail  the  variations  that  1 could  think 
of,  I was  never  gratified  with  a fecond  fight  of  thefe 
beautiful  cryftals. 

. As  thefe  cryftals  were  evidently  of  a faline  nature, 
I concluded  they  were  only  martial  vitriol,  though 
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in  an  unufual  form.  'To  afcertain  this,  I diiToIved 
all  the  fragments  I could  colle6t  of  thefe  cryftals 
in  water,  and  fet  it  to  evaporate.  But  inftead  of 
finding  any  green  vitriol,  there  was  only  a black 
incruftation  left  on  the  evaporating  veflel. 

There  has  been  fome  difference  of  opinion  among 
chemifts  concerning  the  proportional  quantity  of 
air  yielded  by  iron  and  fteel.  Having  taken  fome 
pains  to  afcertain  thefe  fads,  at  the  fame  time  that 
I was  diffolving  iron  and  fteel  for  other  purpofes^ 
I fhall  here  mention  the  refult  of  my  obfervations 
refpeding  the  air  that  is  yielded  by  all  the  kinds  of 
iron  that  have  fallen  under  my  notice.  I repeated 
the  experiments  feveral  times,  but  the  refults  often 
varied,  without  my  being  fenfible  of  any  change  in 
the  circumftances. 

What  quantity  of  air  came  from  caft  iron  in  the 
experiments  mentioned  above,  1 have  noted  in  the 
account  of  them ; but  as  I frequently  repeated  the 
experiment,  efpecially  with  a view  to  find  the  hair 
like  cryftals  that  I have  mentioned,  I fhall  here  put 
down  the  different  quantities  of  air,  of  which  I alfo 
took  an  account  in  fome  of  them,  as  well  as  of  the 
refiduums  of  black  matter,  which  I obferved  at  the 
fame  time.  At  one  time  a quarter  of  an  ounce  of 
caft  iron  gave  ninety  ounce  meafures  of  air,  half  an 
ounce  gave  163  ounce  meafures,  and  two  ounces 
gave  727  ounce  meafures,  leaving  a refiduum  of 
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black  powder,  which  weighed  ninety  eight  grains ; 
and  four  ounces  of  the  iron  gave  a refiduum  of  163 
grains.  Upon  the  whole,  therefore,  a quarter  of 
an  ounce  of  this  iron  may  be  faid  to  give  ninety 
ounce  meafures  of  inflammable  air. 

Of  the  annealed  caft  nails ^ a quarter  of  an  ounce 
gave  at  one  time  loi  ounce  meafures  of  air,  at  an- 
other time  105^,  at  another  106,  and  the  moft  of 
all  107.  Half  an  ounce  gave  212  ounce  meafures. 
Half  an  ounce  of  iron  turnings,  which  is  iron  lels 
perfe6tly  annealed,  gave  ninety  fix  ounce  meafures 
of  air.  It  is  evident,  therefore,  that  the  annealed 
caft  iron  gives  confiderably  more  inflammable  air 
than  that  which  had  not  been  annealed ; and  this 
is  eafily  accounted  for,  from  the  much  greater 
quantity  of  refiduum  from  the  iron  that  has  not 
been  annealed,  which  reftduum,  it  will  be  feen,  con- 
tains much  phlogifton. 

A quarter  of  an  ounce  of  fteel  gave  ninety  ounce 
meafures  and  an  half  of  air,  1181  grains  gave  ninety 
five  ounce  meafures  and  an  half  of  air,  and  the 
fame  weight  of  the  very  fame  iron  from  which  that 
fteel  had  been  made  gave  ninety  fix  ounce  meafures. 
Half  an  ounce  of  fteel  gave  207  ounce  meafures, 
and  the  black  refiduum,  though  greater  than  is 
found  in  the  folution  of  iron,  or  caft  iron  annealed, 
was  too  fmall  to  be  weighed.  At  other  times,  how- 
ever, it  has  been  much  more  confiderable,  though  I 
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have  no  note  of  the  exad  quantity  that  I found  in 
any  experiment.  It  is  alfo  obfervable,- that  in  die 
folution  of  this  half  ounce  of  fleel,  in  which  there 
was  fo  little  refiduum,  the  quantity  of  air  was  un- 
ufually  great.  And,  I prefume,  that  the  differences 
in  the  quantities  of  air  from  given  weights,  both  of 
fleel,  and  different  kinds  of  iron,  will  always  be  in 
fome  reciprocal  proportion  to  the  quantity  of  this 
refiduum,  which  I have  never  found  any  folution 
of  iron  to  be  entirely  without ; and  this  will  account 
for  the  different  quantities  of  air  that  different  per- 
fons  have  reported  to  have  found  both  in  iron  and 
in  fteel.  As  a greater  quantity  of  inflammable  air 
was  procured  from  annealed  call  iron,  than  from ' 
malleable  iron,  I think  it  may  be  concluded,  that 
fteel  (which  is  malleable  iron  annealed)  will  always 
give  more  air  than  iron,  provided  that,  in  the  folu- 
tion, it  fhould  yield  no  greater  a quantity  of  black 
refiduum.  But  in  general  there  is  much  more  of 
it  found  in  the  folution  of  fteel  than  in  that  of 
iron. 

This  black  powder  which  remains  from  the  fo- 
lution of  iron  or  fteel,  and  efpecially  that  from  the 
caft  iron  not  annealed,  which  is  in  fuch  great  quan- 
tity, well  deferves  to  be  thoroughly  examinedo 
Having  made  a few  mifcellaneous  experiments  up- 
on it,  I fball  here  give  the  refult  of  them.  Putting 
eighteen  grains  of  it  into  fpirit  of  fait,  there  remain- 
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ed  eight  grains  undiflblved.  This  was  of  a grey 
colour,  but  being  fprinkled  upon  hot  iron,  it  did 
not  appear,  by  this  tell,  to  contain  any Julphur. 

I expofed  a quantity  of  it  to  the  heat  of  the  burn- 
ing lens  in  vacuo,  and  found  the  air  that  was  ex- 
pelled from  it  to  be  one  ninth  fixed  air,  and  the  reft 
inflammable,  of  the  explofive  kind.  Ten  grains 
of  the  powder  gave  nine  ounce  meafures  of  air  5 
but  a good  deal  of  this  light  powdery  fubftance  was 
unavoidably  loft  in  conveying  it  through  the  water 
after  the  procefs. 

This  matter  alfo  appears  to  contain  fomething  of 
iron,  though  it  is  no  longer  folubie  in  oil  of  vitriol. 
For  being  expofed  to  the  heat  of  the  lens  in  open 
air,  it  was  melted,  and  weighed  juft  the  fame  before 
and  after  fufion,  which  had  alfo  been  the  cafe  with 
that  caft  iron  which  had  been  imperfectly  diflfolved 
in  oil  of  vitriol,  and  retained  its  form. 

From  the  air  which  this  black  powder  gave,  it 
may  be  concluded,  that  it  contains  much  plumbago ; 
but  that  which  remains  after  the  folution  of  maU 
leable  iron,  or  fteel,  is  more  nearly,  or  perhaps  per- 
fectly fo.  Nineteen  grains  of  this  (though  it  is 
poflible  that  feme  of  the  other  might  have  been 
accidentally  mixed  with  it)  was  reduced  to  fix  grains, 
by  being  melted  with  the  heat  of  the  lens  in  the 
open  air,  and  then  became  a glafs,  or  flag ; which 
was  nearly  the  fame  refult  that  I had  from  genuine 
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plumbago,  the  greateft  part  of  which  is  reduced 
into -fixed  and  inflammable  air. 

The  procefs  of  cementation  is  not,  I am  perfuaded, 
fufficiently  iinderftood.  It  is  the  opinion  of  thofe 
who  make  fteel,  that  the  metal  neither  gains  nor 
lofes  weight  in  the  procefs.  Thofe  who  anneal  caft 
iron  tell  me,  that  it  lofes  confiderably  in  that  pro- 
■cefs,  which  is  fimilar  to  that  of  making  fteel,  though 
the  iron  is  taken  in  very  different  ftates.  On*  the 
contrary,  I found  both  malleable  iron  and  caft  iron 
to  gain  a little  weight  by  cementation  in  my  fires. 
Seventy  two  grains  of  Iron  wire  gained  three  grains, 
and.  became  of  a dark  black  colour,  and  three 
ounces  of  caft  iron  nails  gained  fix  grains.  But 
perhaps  the  heat  that  I ufed  was  too  great  for  the 
purpofe.  For  in  confequence  of  this  iron  will  at- 
tradt  water,  and  become  in  part  Jcales  of  iron^  which 
is  always  attended  with  an  increafe  of  weight ; 
whereas  in  the  fame  procefs  with  a long  continued 
and  moderate  heat,  it  is  very  poffible  that  fome  of 
the  elements  of  that  black  matter,  or  plumbago, 
may  go  out  of  the  iron,  and  join  the  charcoal,  form- 
ing perhaps  a fulphur,  which  may  be  fublimed,  and 
difperfed  in  the  procefs. 

I have  obferved  that  I once  expelled  from  fome 
annealed  caft  iron  nails  fuch  inflammable  air  as  con- 
ftituted  fixed  air,  when  it  was  decompofed  with 
dephlogifticated  air,  which  fhews  that  it  had  im- 
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bibed  fome  of  that  kind  of  inflammable  air  which 
is  peculiar  to  charcoal.  But  when  I dilTolyed  that 
kind  of  iron  in  vitriolic  acid,  the  air  was  the  very 
fame  with  that  which  came  from  malleable  iron, 
no  fixed  air  being  produced  in  the  decompofition 
of  it. 


SECTION  III. 

' Experiments  on  Finery  Cinder. 

The  mofl;  ufeful  of  my  obfervations  on  the 
fubjed  of  iron  relates  to  the  nature  of  the 
finery  cinder^  the  fubftance  which,  I have  obferved, 
runs  in  a liquid  form  from  call  iron  in  the  procefs 
of  converting  it  into  malleable  iron.  This  has 
generally  been  confidered  a thing  of  no  value ; and 
is  commonly  thrown  away  as  fuch,  though  my 
brother-in-law,  Mr.  Wilkinfon,  has,  with  advantage, 
made  ufe  of  a certain  proportion  of  it  in  the  fmelt- 
ing  of  iron.  I flatter  myfelf,  however,  that  by  a 
due  attention  to  fome  obfervations  which  I fhali 
here  relate,  this  fubftance  may  hereafter  be  employed 
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to  more  advantage.  But  before  I mention  this  ufe 
of  it,  in  reducing  it  to  iron,  I fhall  recite  fome  ex- 
periments which  I made  with  a view  to  afcertain 
the  nature  of  it. 

The  firfl:  thing  that  occurred  to  me,  was  to  at- 
tempt the  folution  of  it  in  the  feveral  mineral  acids, 
which  I did  with  the  following  refults.  Putting  fixty 
grains  of  it,  finely  pulverized,  into  each  of  the  three 
acids,  and  leaving  them  two  or  three  days  to  digeft ; 
of  that  which  had  been  in  the  vitriolic,  and  alfo  of 
that  which  had  been  in  the  marine  acid,  there  re- 
mained fifteen  grains  undifTolved  j but  of  that  which 
had  been  expofed  to  the  nitrous  acid,  forty  grains. 
Another  time,  I obferved  that  of  feventy-four  grains 
expofed  to  the  fpirit  of  fait,  thirty  remained  undif- 
folved. 

This  fubflance,  as  it  comes  from  the  common 
furnace,  is  feldom  without  fome  portion  of  iron,  as 
appeared  by  melting  it  in  the  fun,  when  twenty-four 
grains  of  it  gained  one  grain  in  weight.  It  alfb 
gained  a little  weight  when  I expofed  it  to  the  adlion 
of  fleam  in  an  hot  earthen  tube. 

, Finery  cinder,  when  hot,  readily  unites  with  mofl; 
kinds  of  earth,  greatly  promoting  their  fufion,  in 
the  fame  'manner  as  the  fluory  which  has  its  name 
from  that  circumflance.  Attempting  to  get  air 
from  the  finery  cinder  in  an  earthen  retort,  feventy 
ounces  of  it  yielded  forty  ounce  meafures  of  air  ; 
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but  as  the  retort  was  diffolved,  and  mofl;  of  the 
contents  run  out,  nothing  certain  could  be  pro- 
nounced concerning  the  origin  of  this  air,  of  the 
laft  portion  of  which  three  fourths  were  fixed  air. 
'The  ftandard  of  the  refiduum  was  1.67.  In  one 
part  of  it  a candle  was  extinguifiied,  but  another  por- 
tion was  (lightly  inflammable. 

The  circumftance  that  firft  gave  me  an  infight  into 
the  real  nature  of  this  finery  cinder,  was  my  hav- 
ing found  a piece  of  malleable  iron  become  through- 
out a perfed:  finery  cinder,  in  confequence  of  being 
left  in  the  open  fire  of  my  furnace,  when  the  heat 
had  been  very  great.  The  appearance  of  it  alone 
fatisfied  me,  that  it  was  the  fame  thing  3 and  com- 
paring it  in  a variety  of  proceflfes  with  real  finery 
cinder,  I found  that  they  did  not  differ  in  any  re- 
Ipedl.  They  appeared  alfo  to  be  the  fame  fubftance 
with  the  fcales  which  fall  off  from  iron  when  it  is 
heated  in  an  open  fire,  with  that  which  malleable 
iron  is  brought  to  by  being  melted  in  the  open  air, 
or  in  dephlogifticated  air,  and  alfo  by  being  expofed 
to  the  adlion  of  fleam  when  it  is  red  hot.  In  all  the 
different  proceffes  recited  before,  it  was  perfe6lly 
indifferent  which  of  thefe  fubftances  I made  ufe 
of,  and  therefore  I omit  to  mention  the  particu- 
lars. 

Finery  cinder  is  therefore  to  be  confidered  as  iron 
increafed  about  one  third  in  weight  by  imbibing 

water. 
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water,  though  with  the  lofs  of  its  own  phlogifton. 
Nothing,  therefore,  is  wanting  to  bring  it  to  the 
ftate  of  iron  again,  ^ but  the  expulfion  of  the  water, 
with  which  it  is  faturated,  and  giving  it  the  phlo- 
gifton which  it  has  loft  ; and  this  is  readily  done  by 
heating  it  in  clofe  veflels,  in  conta6b  with  any  thing 
that  contains  phlogifton.  This  is  eftedled  in  the 
fnoft  complete  manner,  by  heating  it  with  a burn- 
ing lens  in  inflammable  air.  But  it  is  likewife  done 
cementation  with  charcoal,  with  coak  from  pit- 
coal,  or  with  raw  coal.  In  all  thefe  proceflfes,  the 
finery  cinder  lofes  about  one  third  of  its  weight, 
and  is  then  perfe6lly  foluble  in  acids,  and  attraded 
by  the  magnet.  Confequently,  it  is  prfe5l  iron. 
But  whether  it  can  be  made  ufeful  iron,  and  in  a 
manner  fo  cheap  as  to  make  it  worth  the  while  of 
the  manufadurer  of  iron,  to  eftablifh  any  work  for 
the  purpofe,  is  not  for  me  to  fay.  I would  only 
obferve,  that  iron  thus  made  from  finery  cinder  in 
my  retorts,  is  not  in  the  ftate  of  Ample  caji  irony 
but  of  that  which  is  annealed,  and  likewife  partially 
malleable. 


BOOK 


5o8 


MISCELLANEOUS 


BGok  XL 


BOOK  XI. 

MISCELLANEOUS  EXPERIMENTS  AND 
OBSERVATIONS. 

I ' 


SECTION  1. 

Of  the  EleElnc  Spark  in  different  Liquids. 

ONE  of  my  firft  experiments  on  the  fubjedt  of 
air  was  that  by  which  I procured  inflamma- 
ble air,  by  taking  the  eledbric  fpark  in  different  kinds 
of  oil.  In  the  acids  no  fpark  can  be  taken,  on  ac- 
count of  their  being  fuch  excellent  condudbors  of 
eledbricity.  However,  a fmall  bubble  of  air  may  be 
left  confined  by  any  acid,  and  in  this  a fpark  may 
be  taken,  which  will  affedb  the  contiguous  fluid. 
This  I have  done,  and  fome  of  the  refults  are  fuf- 
ficiently  remarkable  j but  fimilar  to  the  effedbs  of 
tranfmitting  the  liquors  in  vapour,  through  a red 
hot  earthen  tube,  in  which  cafe  the  nitrous  and  vi- 
triolic acids  yield  dephloglflicated  air. 
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In  order  to  take  the  ele6tric  fpark  in  nitrous  acid, 
I admitted  a fmall  bubble  of  common  air  into  a glafs 
fyphon,  previoufly  filled  with  that  acid,  placing 
each  leg  of  the  fyphon  in  a different  veffel,  con- 
taining fome  of  the  fame  acid,  and  I tranfmitted 
the  fpark,  or  fhock,  through  a gold  wire,  on  which 
the  acid  has  no  adlion.  In  thefe  circumflances  every 
fpark  made  a confiderable  addition  to  the  quantity  of 
air,  and  it  appeared  to  be  the  pureft  dephlogiflic^ted 
air.  ^ 

With  the  vitriolic  acid  I had  a fimilar  refult,  but 
much  more  time  was  required  to  produce  the  effed:. 
After  taking  the  fpark  two  hours  in  a bubble  of  air 
confined  by  this  acid,  in  a fyphon,  the  greateft  part 
of  which  was  filled  with  mercury,  and  the  legs  of  it 
Handing  in  bafons  of  mercury,  the  bubble  was  not 
more  than  doubled  in  quantity ; but  the  addition 
that  was  made  to  it  appeared  to  be  dephlogifliicated 
air,  the  flandard  of  it  being,  with  equal  quantities 
of  nitrous  air,  i.o.  It  may  be  worth  noticing,  that 
though  the  oil  of  vitriol,  ufed  in  this  experiment, 
was  of  a light  purple  colour  (which  might  be  the 
reafon  why  the  air  procured  from  it  was  not  both 
more  in  quantity,  and  better  in  quality)  the  part 
next  to  the  air  became  perfectly  colouriefs  for  the 
fpace  of  about  a quarter  of  an  inch. 

When  I repeated  this  experiment  with  common 
Jprit  of  Jolt,  the  bubble  of  air  was  diminifhed  one 

fourth ; 
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fourth ; and  though  the  operation  was  continued  a 
long  time,  it  never  increafed  afterwards,  and  was 
limply  phlogifticated  air.  When  I ufed  dephlo- 
gifticated  marine  acid,  the  bubble  of  air  was  dimi- 
nifhed  near  one  half,  but  what  remained  was  Hill 
phlogifticated  air. 

phofphoric  acidy  the  air  was  firft  diminiftied 
one  quarter,  and  then  increafed.  This  air  I could 
perceive  not  to  be  afFe6i:ed  by  nitrous  air  j and  by  the 
rednefs  of  the  ele6lric  fpark  in  it,  I have  no  doubt  of 
its  being  inflammable  air.  But  the  quantity  was  too 
fmall  to  afcertain  it  in  any  other  manner.  This  acid  is 
always  faid  to  contain  phlogifton,  and  by  this 
means  it  feems  to  be  converted  into  inflammable 
air. 

I had  a fimilar  refult  when  I took  the  electric  Ipark 
in  air  confined  by  phlogifticated  alkali.  It  was  firft: 
diminifhed  one  fourth,  and  then  increafed  to  its  ori- 
ginal bulk ; but  the  increafe  was  very  flow.  When 
I examined  the  air,  I could  only  obferve  that  it  was 
not  affedted  by  nitrous  air.  The  addition  muft,  I 
think,  have  been  inflammable  air,  though  the  quan- 
tity was  fo  fmall,  that  the  Ipark  had  no  fenfible  red- 
nefs. in  it. 

T ftiall  conclude  the  account  of  thefe  experiments 
with  mentioning  one  of  fmall  confequence,  relating 
to  the  condudting  power  of  fubftances.  Having 
boiled  fome  linfeed  oil,  I put  into  it  a quantity  of 
4 pounded 
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pounded  glafs.  When  it  was  cold  it  was  a foiid 
black  mafs,  and  condu61:ed  eledricity  perfedly 
well  through  its  whole  fubftance,  and  was  not,  as 
1 had  expe6led,  that  kind  of  fubftance  which  con- 
dudbs  ele6lricity  in  a vifihle  manner^  luch  as  I have 
defcribed  in  my  obfervations  on  charcoal,  and 

which  I had  often  found  to  incruft  pieces  of  glals 
that  had  been  made  red  hot  in  vegetable  oils.  I 

then  melted  the  whole  mafs  5 but  though  it  re- 
mained black  throughout,  and  had  been  covered 
from  all  accefs  of  the  external  air,  it  had  no 
more  conducing  power  than  any  other  kind  of 
glafs,  * 
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SECTION  II. 

Of  the  conducting  Power  of  certain  Suhjlances, 

That  conducing  power,  with  refpe6i:  to  elec- 
tricity, depends  upon  the  variable  ftate  of 
fubftances,  is  evident  from  a variety  of  experiments. 
Thus  glafs,  which  when  cold  is  a perfed  noncon- 
du61:or5  is  a complete  condu61:or  in  a great  degree 
'of heat.  So  alfo,  by  a contrary  procefs^  ice,  which 
when  formed  in  a moderate  degree  of  cold  is  a con- 
du6lor,  very  much  like  water,  becomes,  as  Mr. 
Achard  has  difcovered,  a non-condudtor  in  a greater 
degree  of  cold.  And  1 had  found  that  though  dry 
wood,  and  even  charcoal,  made  with  the  leaft  pofiible 
degree  of  heat,  is  a non-condudlor,  yet  when  it  has 
been  expofed  to  more,  heat,  it  is  the  moft  perfedl  of 
all  condudlors,  not  exceeded  even  by  the  moft  per- 
fe6l  metals  themfelves.  I have  now  obferved  what, 
indeed,  was  not  perhaps  very  difficult  to  be  con- 
jedtured,  that  water,  and  even  quickfilver,  in  the 
ftate  of  vapour,  are  no  condudors  of  electricity. 

'Water  had  been  often  tried  in  that  kind  of  va- 
pour which  is  juft  condenfing,  in  the  open  air  j but 
I then 
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then  it  is,  in  fa6b,  no  other  than  water  in  very  fmall 
drops;  whereas,  to  try  it  in  the  proper  form  of 
Jieamy  it  muft  be  examined  in  a degree  of  heat,  in 
which  it  is  incapable  of  condenfing  into  water. 
This  I did  in  the  following  manner  : 

I filled  a glafs  fyphon  with  water,  having  previ- 
oufly  put  iron  wires  into  each  of  its  legs,  as  is  reprc- 
fented  Pl.V.  fig.  5.  and  then  inverting  it,  placing  each 
leg  in  a feparate  bafon  of  water,  or  quickfilver. 
After  this  I expofed  the  upper  part  of  the  fyphon  to 
a degree  of  heat  capable  of  converting  water  into 
flieam.  Then,  bringing  a charged  phial,  and  making 
the  fyphon  part  of  the  circuit,  made  the  explofion 
pafs  from  one  wire  to  the  other,  in  the  bend  of  the 
fyphon.  In  this  cafe  the  fpark  never  failed  to  be  as 
vifible,  as  it  would  have  been  in  the  air.  The  on- 
ly difference  was,  that  in  this  cafe  the  fpark  was 
reddifh,  as  it  is  when  taken  in  inflammable  air. 
I could  perceive  no  difference  whether  the  heat 
was  greater  or  lefs,  even  in  the  very  point  of  con- 
denfing into  water.  It  is  poffible,  however,  that 
there  might  be  fome  real  difference,  though  not 
difcernible  in  this  method  of  examining  it. 

In  the  very  fame  manner,  I made  the’  experi- 
ment in  the  vapour  of  quickfilver ^ having  filled  the 
•.fyphon  with  quickfilver,  and  placing  the  legs  of  it 
in  bafons  of  the  fame.  In  this  cafe,  alfo,  the  eledtric 
VoL.IlI.  LI  explo- 
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explofion  was  red ; but  at  one  time  it  was  quite 
vivid.  I repeated  the  experiments  many  times, 
both  with  water  and  with  quickfilver. 

From  thefe  experiments,  compared  with  fimilar 
ones  that  I have  made  in  all  the  different  kinds  of 
air,  I think  it  may  be  concluded  univerfally,  that 
all  fubftances,  in  this  expanded  ftate  of  air,  or  va- 
pour, are  non-condu6tors  of  ele^ricity. 

There  is  fomething  exceedingly  difficult  to  ac- 
count for  in  the  circumftances  in  which  glafs  jars 
fometimes  break  fpontaneoufly  with  eledlrical  ex- 
piofions.  In  general  the  thinner  the  glafs  is,  the 
n^ore  liable  it  is  to  a fradure  in  this  cafe.  I ob- 
Icrved,  however,  in  my  hijiory  of  ele^ricityy  a cafe 
in  which  a very  thick  glafs  jar  broke,  in  a very  re- 
markable manner,  by  a fpontaneous  difcharge  ; and 
I have  lately  obferved  another  hardly  lefs  remark- 
able. 

I filled  a glafs  tube,  about  three  feet  long  and  one 
inch  and  a quarter  wide,  the  glafs  itfelf  being  not 
lefs  than  one  eighth  of  an  inch  thick,  half  full  of 
quickfilver ; and  putting  a loofe  coating  of  tinfoil 
on  the  outfide,  and  beginning  to  charge  it,  by 
means  of  an  iron  wire  connedted  with  the  prime 
conductor,  it  prefently  broke  by  a fpontaneous  dif- 
charge, exadtly  at  the  bottom.  A large  piece  of 
the  glafs  came  out,  and  the  quickfilver  flowed  out 
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at  the  hole.  Examining  it  more  particularly,  it 
appeared  that  there  were  a great  number  of 
fmall  independent  fradlures,  but  all  very  near  to- 
gether ; and  through  one  of  them  only  the  charge 
had  made  its  way,  'pulverizing  the  glafs,  as 
ufual. 

rthen  charged  a long  tube  of  bottle  glafs  in  the 
fame  manner ; but  this  alfo  burft  as  foon,  and  alfo 
exadlly  at  the  bottom,  though  not  in  fo  rnany 
places.  I meant  to  have  charged  thefe  tubes,  and 
to  have  fealed  them  hermetically,  after  I had  pour- 
ed out  .the  quickfilver.  In  order  to  obferve  how 
long  fo  thick  a glafs  would  retain  the  charge,  in 
purfuance  of  Mr.  Canton’s  firft  obfervation  of  this 
kind* 
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SECTION  IIT 

Ohfervations  on  Suhjlances  expqfed  to  a long  continued 
Heat. 

My  experiments  on  expofing  fubftances  to  a 
long  continued  heat  were  begun,  principally 
with  a view  to  afcertain  the  converfion  of  water 
into  earth,  of  which  we  have  many  credible  ac- 
counts, and  of  which  that  excellent  chemift,  Mr, 
Woulfe,  entertains  no  doubt. 

For  this  purpofe  I provided  glafs  tubes,  about  an 
inch  in  diameter,  and  three  feet  long,  and  alfo  others 
made  like  what  the  workmen  call  proofs^  growing 
narrower  to  the  top,  fome  two  inches  wide  at  the 
bottom,  and  others  lefs  than  an  inch.  Indeed,  I 
iifed  glafs  tubes  of  a great  variety  of  forms  and 
fizes,  and  when  I had  put  in  the  water,  or  other  fluid, 

I clofed  them  hermetically,  and  placed  them  in  a 
fand  furnace  pretty  equally  heated.  But,  in  general, 
before  I placed  them  there,  I expoled  the  end  con- 
taining the  fluid  near  a common  fire,  for  a few 
hours  3 both  to  obferve  whether  there  would  be  any 

immediate 
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immediate  change,  and  alfo  to  try  what  degree  of 
heat  the  tube,  thus  charged,  would  bear. 

The  refult  of  many  of  the  experiments  made  in 
this  manner  have  been  recited,  and  were  fufHciently 
remarkable,  and  others,  that  do  not  deferve  to  be 
pafTed  over,  will  be  noted  in  the  courfe  of  this  fec- 
tion.  But  with  refpedl  to  water,  which  was  my  firft 
and  principal  object,  all  my  experiments  intirely 
failed. 

In  order  to  avoid  expence,  I ufed  a greater  de~ 
gree  of  heat  than  had  been  ufed  before  for  this 
purpofe  hoping,  by  this  means,  to  gain  my  end  in 
lefs  time.  Whereas  I believe  Mr.  Woulfe's  opi- 
nion is  quite  right,  viz.  that  the  heat  Ihould  be  very 
-moderate,  and  long  continued.  Mine  was  con- 
fiderably  above  a boiling  heat  in  the  open  air,  gene- 
rally fuch  as  to  keep  the  water  boiling  in  this  con- 
fined ftate,  my  vefifels  being  ftrong  in  proportion. 

I went  upon  the  idea,  that  the  change  of  confiftence 
in  water  was  brought  about  by  extending  the  bounds 
of  the  repulfion  of  its  particles,  and  at  the  fame 
time  preventing  their  adlually  receding  from  each 
other,  till  the  fpheres  of  attracflion  within  thofe  of 
repulfion  Ihould  reach  them.  The  hypothefis  may 
dill  be  not  much  amifs,  though  I did  not  properly 
zd:  upon  it. 

Be  this  as  it  will,  a trial  of  fix  months  had  no  ef- 
fedt  of  the  kind  that  I hoped  for. 
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T he  particular  appearances  that  I obferved  would 
be  too  tedious  to  relate,  and  were  not  of  much  im- 
portance. I fhall,  therefore,  only  oblerve  in  general, 
that  I was  deceived  at  the  beginning  of  the  procefs, 
by  finding  that  the  whole  mafs  of  water,  which  was 
generally  an  ounce,  would  become  exa61:ly  like  milk, 
and  fometimes  the  whole  tube  would  have  got  a 
complete  white  coating  in’  the  courle  of  a day  or- 
two.  This  I then  hoped  was,  in  part,  a change  in 
the  water  itfelf,  though  I had  no  doubt  but  that,  in 
part,  it  might  be  owing  to  the  corrofion  of  the  glals 
by  the  heated  vapour.  In  the  end' it  appeared  to. 
have  been  nothing  at  all  elfe. 

When  the  heat  was  a little  more  moderate,  the 
fii  ft  appearance  was  a white  pellicle  on  the  furface 
of  the  water,  and  fometimes  in  the  middle  of  the 
water  only,  not  extending  to  the  fides ; which  de- 
ceived me  the  more  into  an  opinion  that  this  earthy 
pellicle  might  come  from  the  water  itfelf.  In  time 
there  was  fuch  an  accumulation  of  this  matter,  that 
it  clouded  the  whole  mafs  of  the  water,  and  funk  to 
the  bottom,  in  the  form  of  white  flakes,  or  a powdery 
fu bftance.  When  the  tubes  were  opened,  all  the 
fides  were  found  corroded,  the  polifh  being  entirely 
taken  off  where  the  heat  had  been  greateft,  efpeci- 
aily  near  the  furface  of  the  water. 

The  force  of  the  vapour  of  water  in  thus  cor- 
roding glafs  is,  however,  not  a little  remarkable. 

In 
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In  time  it  would  have  worked  its  way  through  any 
thicknefs  of  it.  And,  indeed,  I Ihould  obferve, 
that  the  fame  is  the  cafe  with  iron.  For  before  I 
began  thefe  experiments,  I had  made  a few  random 
trials  of  what  might  be  done  with  water  in  a Jhcrt 
time  by  a very  great  degree  of  heat,  in  a confined 
ftate,  by  putting  the  water  into  gun-barrels,  then 
getting  them  clofed  by  welding,  and  after  that  put- 
ting one  end  of  them  into  a hot  fire.  Sometimes 
the  water  would  continue  thus  a whole  day  or  more ; 
but  at  length,  though  the  gun- barrels  were  the 
thickeft  that  I could  meet  with,  and  one  of  them 
was  the  breech  of  a mufket-barrel,  and  I believe 
perfedly  found,  it  wore  its  way  through.  None  of 
the  barrels  were  properly  hurjl^  but  all  of  them  were 
much  corroded,  and  made  exceedingly  thin  in 
particular  places;  and  when  they  were  opened  a 
great  quantity  of  ruft  was  found  in  the  infides  of 
them  *. 

Befides  trying  the  efied  of  this  procefs  on  pure 
diflilled  water,  I made  trial  of  water  impregnated 
with  all  the  different  kinds  of  air  with  which  I am 
acquainted ; and  in  other  tubes  the  air  confined 
along  with  the  water  was  of  all  the  different  kinds  ; 
but  the  appearances  in  them  all  were  nearly  the 

* I fince  recolledt  that  I formerly  had  a copper  feolipyle,  not 
lefs  than  the  thicknefs  of  a half  crown,  which,  after  being  iil'cd  a 
good  deal,  burlt,  and  was  found  to  be  as  thin  as  paper. 
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fame,  excepting  fuch  as  have  been,  or  will  be  par- 
ticularly defcribed.  The  common  air,  in  all  thefe 
tubes,  in  which  the  water  had  been  kept  fo  hot, 
did  not  appear  to  have  been  changed  either  for  the 
better  or  the  worfe.  Sometimes  when  I foftened  a 
part  of  a tube  with  a blow  pipe,  the  inclofed  air 
would  prefs  the  glafs  a little  outwards,  and  fome- 
times  the  external  air  would  prefs  it  a little  inwards, 
but  it  was  with  no  great  force;  and  whenever  I 
opened  the  tubes  under  water,  and  examined  the 
air,  it  did  not  appear  to  have  been  altered  in  its 
quality,  with  refpedl  to  its  diminution  by  nitrous 
air. 

It  Is  known,  that,  in  general,  a menflruum  will 
hold  more  of  a folvend  when  it  is  hot,  than  when  it 
is  cold ; but  thefe  experiments  in  a continued  heat 
afford  feveral  remarkable  examples  of  the  contrary. 
The  firft  thing  I obferved  of  this  kind  was  with 
refped  to  lime  water.  For  having  confined  a quan- 
tity of  it  in  one  of  my  largeft  tubes,  I found  that, 
in  fix  days,  and  how  much  lefs  time  might  have 
fufficed  I cannot  tell,  all  the  lime  was  depofited. 
At  leafi:  there  feemed  to  be  enough  at  the  bottom  of 
the  water  from  which  it  was  feparated,  to  have  fatu- 
rated  the  v/hole  of  it, 

Alfo  iron  dilTolved  in  v/ater  impregr'.ated  with  fix- 
ed air  was  feemingly  all  precipitated,  in  confequence 
of  being  expofed  in  the  fame  manner  to  the  heat ; 
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and  when  it  was  cold,  it  was  not  re-difTolved.  For 
though  this  menftruum  will  diflblve  iron,  it  will  not 
diflblve  the  calx  of  iron. 

I had  been  informed  by  Mr.  Bewly,  that  lime 
water  would  difcharge  the  colour  of  Pruflian  blue. 
A quantity  of  lime  water,  thus  impregnated  with 
the  colouring  matter  in  Pruflian  blue,  I put  into 
one  of  my  glafs  tubes  on  the  1 1 th'  of  Augufl:,  and  ^ 
on  the  23d,  from  being  quite  colourlefs,  it  was  be- 
come of  a greenilh  colour,  with  many  opake  par- 
ticles in  it.  On  the  9th  of  September  following  it 
was  quite  tranfparent,  with  a large  white  fediment, 
in  which  it  relembled  the  tubes  that  had  only  wa- 
ter in  them.  This  fediment,  therefore,  might  per- 
haps come  from  the  corrofion  of  the  glafs.  On 
the  30th  of  September  the  liquor  was  quite  cloudy, 
had  a confiderable  precipitate,  and  a thick  whitilh 
incruftation  covered  all  the  furface  of  it.  Laftly, 
on  the  19th  of  January,  1778,  it  had  fomething  of  a 
milky  appearance,  but  was  nearly  tranfparent,  and 
had  depofited  a quantity  of  flaky  matter. 

Having  the  folution  of  mercury^  and  alfo  of  CD-p- 
per  in  fpirit  of  nitre  at  hand,  proper  tubes  to  fpare, 
and  room  enough  for  them  in  my  hot  fand,  I placed 
about  an  ounce  meafure  of  each  of  them  in  the 
furnace  on  the  9th  of  September,  and  on  the  30th 
of  the  fame  month  I found  the  folution  of  mer- 
cury quite  colourlefs  as  at  firfl:  \ but  I fuppofe  the 
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greateft  part  of  the  mercur>  was  precipitated  in  one 
beautiful  compaft  yellow  mafs.  The  precipitate 
of  the  copper  was  alfo  colledted  into  one  mafs,  quite 
blue,  as  the  liquor  itfelf  continued  to  be ; fo  that 
the  whole  of  the  copper  had  not  been  precipi- 
tated. 

When  I took  thefe  tubes  from  the  fand  heat  for 
a few  days,  the  greateft  part  of  the  precipitated  mafs 
was  re-diflblved ; but  when  they  were  replaced  in 
the  fand  heat  they  appeared  again  as  at  firft ; and 
fo  they  were  found  on  the  19th  of  January,  1778, 
when  an  end  was  put  to  the  procefs. 

On  the  fubjedl  of  the  nitrous  acid  I fliall  obferve, 
that  water  faturated  with  nitre,  which  had  been 
placed  in  the  fand  furnace  on  the  3d  of  September, 
in  a long  and  flender  glafs  tube  was  tranfparent  on 
the  30th  of  the  fame  month ; but  the  tube  itfelfj 
from  the  furface  of  the  liquor  to  half  an  inch  below 
it,  and  like  wife  in  different  places  quite  to  the  top 
of  the  tube,  was  covered  with  a white  incruftation, 
a little  inclined  to  blue. 

Cauftic  alkali  impregnated  with  nitrous  vapour 
had  cracked  the  tube  in  which  it  had  been  confined, 
and  efcaped ; but  the  tube  was  found  covered  with 
a white  incruftation,  from  two  inches  above  the  fur- 
face  of  the  liquor  quite  to  the  bottom  of  the  tube. 
The  crack  itfelf  was  very  remarkable,  confifting, 
in  reality,  of  many  different  cracks,  and  thofe  dif- 
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pofed  very  irregularly,  quite  round  the  glafs,  near 
the  furface  of  the  liquor.  I have  fometimes  feen 
glafs  cracked  in  the  fame  manner  by  eledlrical  ex- 
plofions. 

The  moft  remarkable  thing  that  I have  obferved, 
with  refpedt  to  metallic  folutions,  relates  to  a folu- 
tion  of  gM  in  aqua  regia^  made  by  the  impregna- 
tion of  the  marine  acid  with  nitrous  vapour,  v/hich 
I have  obferved  to  be  a more  powerful  menftruum 
for  gold  than  the  common  aqua  regia.  A fmall 
quantity  of  this  folution  I had  put  into  a very  thick 
glafs  tube  about  nine  inches  long,  and  1 placed  it  in 
the  fand  furnace  on  the  nth  of  Auguft,  and  on 
the  23d  of  the  fame  month,  I found  much  of  the 
gold  precipitated,  and  adhering  to  the  lides  of  the 
glafs  in  the  form  of  {lender  cryftals,  very  beautiful. 
On  the  30th  of  September,  I obferved  no  difference 
in  the  cryftals,  but  found  fome  gold  precipitated 
in  irregular  maffes,  of  a darkifh  colour,  quite  dif- 
tind  from  the  cryftals;  and  thus  it  remained  till 
the  19th  of  January  following,  when  I difcontinued 
the  procefs.  Both  the  cryftals  and  the  gold  ftill 
continue  not  re-diffolved. 

I {hall  now  juft  mention  my  obfervations  on  fome 
other  fubftances  expofed  to  the  fame  heat,  though 
they  have  nothing  in  them  that  will  be  thought  of 
apy  confequence  5 except  that  it  may  be  proper  to 
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be  known  that  the  experiments  have  been  made, 
and  that  no  remarkable  appearance  followed. 

Spirit  of  wine  in  large  tubes  underwent  no  altera- 
tion, nor  did  it  affed  the  glafs  in  the  lead ; but 
another  quantity  confined  in  a diort  tube,  and  ex- 
pofed  to  much  more  heat,  appeared  on  the  30th  of 
September  (having  been  placed  in  the  furnace  on 
the  nth  of  the  fame  month)  to  have  given  to  the 
infide  of  the  tube,  and  efpecially  to  the  middle 
part  of  it,  a thin  bluifh  coating,  a little  inclining  to 
white.  Thus  it  continued  to  the  laft,  except  that 
the  coating  became  more  white,  and  had  very  near- 
ly, if  not  wholly,  loft  its  bluifh  caft. 

Ether  had  alfo  been  confined  in  a fhort  and  ftrong 
tube  on  the  nth  of  Auguft,  and  it  continued  co- 
lourlefs;  but  on  the  30th  of  September  fevcral 
parts  of  the  infideof  the  tube  had  a whitifh  incrufta- 
tion,  the  glafs  being  probably  afre61:ed.  Thus  it 
continued  till  the  end  of  the  procefs,  in  January  fol- 
lowing, except  that  I then  obferved  the  whitidi  in- 
cruftation  about  an  inch  above  the  furface  of  the 
ether,  at  both  ends  of  the  tube  j owing,  I fuppofe, 
to  my  having,  at  different  times,  placed  both  the 
ends  downwards. 

With  ether  I alfo  made  another  experiment  fome- 
what  fimilar  to  the  above.  Having  filled  a glafs 
rube  with  it,  I poured  it  out  again,  and  immediately 
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fealed  it  hermetically ; then  holding  it  in  the  flame 
of  a candle,  I obferved  a whitifh  cloud  formed  in 
the  inflde,  and  when  the  whole  tube  was  expofed 
to  the  heat  of  the  fire,  and  was  made  nearly  red  hot, 
part  of  it  became  whitifh ; but  the  air  within  the 
tube  was  not  fenfibly  changed.  I made  the  experi- 
ment in  imitation  of  that  with  the  inflammable  air, 
which  made  the  tube  become  black ; thinking  that, 
if  the  phlogiftic  matter  had  produced  that  effe(51:  in 
this  cafe,  it  might  do  the  fame  in  another. 

Olive  oil  expofed  to  a very  great  degree  of  heat, 
in  a fliort  and  ftrong  tube,  was  not  changed.  But 
in  a large  tube  (owing,  I imagine,  to  fome  bit  of 
ftraw,  or  fome  other  fubftance  containing  phlogiflon, 
which,  unperceived  by  me,  might  be  in  the  tube) 
the  oil  became,  in  the  interval  between  the  iith 
and  the  23d  of  Auguft,  quite  black,  and  of  the 
confiftence  of  treacle,  with  a fmell  ftrongly  em- 
pyreumatic  and  oflenfive.  I put  part  of  this  mat- 
ter into  another  tube,  but  it  was  broke  by  fome 
accident,  and  what  remained  of  the  matter  was  as 
hard  as  a coal,  and  quite  black.  . 

Oil  of  turpentiney  which  was  quite  colourlefs,  be- 
came, in  the  fame  time,  quite  yellow,  like  dark 
coloured  olive  oil.  It  had  alfo  fome  opake  par- 
ticles in  it.  The  glafs  being  foftened,  it  was'^reifed 
inwards.  On  the  9th  of  September  the  colour  of 
the  general  mafs  was  the  fame,  but  there  were  feve* 
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ral  fmall  lumps  at  the  bottom,  exaftly  like  rofin  to 
appearance.  They  did  not  adhere  to  the  glafs, 
but  rolled  about  at  the  bottom,  being  heavier  than 
the  fluid  mafs.  In  a Ihort  glafs  tube,  alfo,  oil  of 
turpentine  was  a little  yellow\ 

Diftilled  vinegar  fufFered  no  change  by  being  ex- 
pofed  in  a long  glafs  tube  to  a common  fire  for 
about  an  hour.  But  common  vinegar,  in  the  fand 
furnace,  was  turned  almofl:  black  in  the  courfe  of 
three  weeks.  But  I afcribe  this  efFe6l  to  fome 
phlogiftic  matter  contained  in  it.  After  the  pro- 
cefs,  the  tafte  of  it  was  evidently  lefs  acid,  like 
vapid  vinegar,  and  the  air  within  the  tube  was  in- 
jured \ one  meafure  of  this  and  one  of  nitrous  air 
occupying  the  fpace  of  1.4  meafures. 

After  this  I placed  diftilled  vinegar  in  the  fand 
furnace ; and  this,  in  the  interval  between  the  9th 
and  the  30th  of  September,  had  made  a depofit 
of  fome  black  matter,  and  the  tube  was  coated  with 
it  quite  round,  at  the  furface  of  the  liquor.  Alfo, 
in  a fhort  tube,  the  fame  vinegar  was  a little  opaque, 
and  there  was  fome  black  matter  on  one  fide  of  the 
tube,  half  an  inch  above  the  furface  of  the  fluid. 
In  this  ftate  thefe  tubes  continued  to  the  laft,  when 
they  had  depofited  a brownifti  fediment. 

Having  expofed  a fmall  quantity  of  water  im- 
pregnated with  jiuor  acid  air^  quite  tranlparent,  in 
a glafs  tube  hermetically  fealed,  to  the  heat  of  a 
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common  fire,  I obferved  that,  prefently  after  it  be- 
gan to  boil,  it  became  of  a dull  blue  colour,  and  a 
whitifb  vapour  rofe  from  it,  as  high  as  the  middle 
of  the  tube.  Afterwards,  the  heat  increafing,  it 
'became  tranfparent  again,  without  depofiting  any 
thing,  even  when  cold. 

Repeating  the  fame  procefs,  I obferved  the  fame 
cloudinefs  come  on  after  boiling  about  an  hour,  but 
after  continuing  to  boil  two  or  three  hours,  it  dif- 
appeared  again.  This  cloudinefs  is  exadlly  like 
the  appearance  of  this  impregnated  water  when 
fome  of  the  fluor  cruft  is  mixed  with  it.  This  ex- 
periment, therefore,  proves  that  this  liquor,  in  its 
moft  tranfparent  ftate,  contains  a quantity  of  fluor 
cruft  difTolved  in  it,  as  I have  obferved  before,  in 
my  attempts  to  account  for  its  not  freezing,  when 
water  impregnated  with  vitriolic  acid  air  will  freeze. 

The  efie6t  of  a continued  heat  on  the  volatile 
alkaline  liquor  was  much  the  fame  with  that  on  the 
acid  impregnations.  I expofed,  in  a glafs  tube, 
four  feet  long,  and  one  third  of  an  inch  wide,  a 
quantity  filling  about  the  fpace  of  an  inch  of  cauftic 
fal-ammoniac  bought  at  the  apothecaries;  and  in 
lefs  than  half  an  hour  it  became  turbid,  when  over 
the  fire;  Letting  it  cool,  I foftened  the  end  of  the 
tube,  and  obferved  that  the  glafs  was  prefled  in- 
wards. I then  made  it  boil  very  violently  about 
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an  hour,  during  which  it  grew  more  turbid.  When 
it  was  cool,  I obferved  that  the  turbidnefs  was  oc- 
cafioned  by  very  fmall  white  particles,  which  fub- 
fided,  and  left  the  liquor  quite  clear  at  the  top. 
Softening  the  end  of  the  tube  again,  it  was  driven 
outwards  with  great  force,  and  blew  out  the  candle  5 
fo  that,  upon  the  whole,  there  had  been  an  increafe 
of  elaftic  matter  within  the  tube,  notwithftanding  the 
precipitation. 

After  this,  I placed  in  the  fand  furnace  an  al- 
kaline liquor  of  my  own  preparing,  by  impregnating 
diflilled  water  with  alkaline  air.  It  was  confined 
in  a long  tube,  a quarter  of  an  inch  in  diameter, 
on  the  3d  of  September,  and  on  the  9th  of  the 
fame  month  the  tube  was  quite  coated  with  a white 
fubftance,  and  the  liquor  was  turbid.  On  the  30th 
of  the  fame  month  it  had  depofited  a white  fedi- 
ment,  though  it  was  ftill  very  turbid.  There  was 
alfo  a fimilar  incrufiiation  at  the  furface  of  the  li- 
quor, and  extending  in  flreaks  three  inches  above 
it.  At  the  fame  time,  that  which  had  been  bought 
at  the  apothecary’s,  and  which  had  been  placed  in 
the  fame  furnace  exhibited  the  fame  appearance. 
In  this  the  incruftation  reached  fix  inches  above  the 
furface  of  the  liquor,  efpecially  on  the  fide  to  which 
it  had  been  inclined.  One  of  thefe  tubes  remained 
in  the  hot  fand  till  the  19th  of  January  following, 
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when  I found  it  broken  j five  or  fix  inches  of  the 
lower  part  of  it  being  covered  with  a thick  white . 
incruflation.  * / 

Atmofpherical  air  within  one  of  the  glafs  tubes, 
hermetically  fealed,  in  which  a quantity  of  water 
had  been  expofed  feveral  months,  in  a fand  .heat, 
was  not  at  all  injured  by  it  \ and  the  trial  was  made 
more  than  a year  after  an  end  had  been  put  to  the 
experirnents  with  the  fand  heat. 

A fmall  quantity  of  the  blue  folution  of  copper 
in  fal-animoniac,  being  expofed  to  the  heat  of  a 
common  fire,  in  a long  glafs  tube  hermetically 
fealed,  prefently  becanae  green,  and  afterwards  yel- 
low.* , , • 

In  the  preceding  experiments  I obferved  a re- 
markable depofit  from  the  folution  of  mercury^  and 
alfo  that  of  copper  in  fpirit  of  nitre.  But  they  both 
require  a confiderable  time,  I afterwards  found  that 
the  depofit  from  iron^  and  from  copper  in  volatile 
alkali,  are  made  much  fboner. 

In  a glafs  vefTel  hermetically  fealed,  a good  deal 
of  iron  was  precipitated  in  the  form  of  red  earth 
from  a weak  folution  of  it  in  fpirit  of  fait,  placed 
in  a fand  heat,  only  a fingle  day.  It  was  alfo  pre- 
cipitated in  great  abundance  from  a folution  of 
fpirit  of  nitre  in  the  fame  time.  In  this  cafe  the 
velfel  was  not  quite  clofed,  fo  that  a little  could 
VoL.  III.  Mm  evaporate. 
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evaporate.  The  remaining  liquor  was  quite  co- 
lourlcfs. 

Copper  was  precipitated  in  the  form  of  a deep 
tblue  earth,  from  a folution  of  it  in  volatile  alkali  at 
the  'fame'  time';  but  the  remaining  liquor  was  al- 
Itioft  as  blue  ^ as  at  firft.  The  Iblid ' precipitate 
fmelled  ftrong  of  the  volatile'^alkali, 'as  well  as  the 
folution- itfelf. 

I have  likewife  found  a fimilar  refult  with  refpe^t 
xo  a folution  of  copper  in  volatile  alkali.  -In  one 
day  a fimilar  depofit  was  made  from  this  folution 
in  the  fame  circumftances.  The  fubftance  depofited 
-was  ©r  a dark  blue  colour,  and  adhered  firmly  to 
the  glafs;  and  when  the  vefiTel  was  firft  opened, 
there  was  a pretty  ftrong  fmell  of  volatile  alkali. 
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SECTION  IV. 


Of  the  Colour  given  to  Minium  by  Heat. 


S I was  heating  a quantity  of  minium  in  an 


iron  ladle,  I was  very  much  ftruck  with  the 
refemblance  of  its  colour,  and  of  the  change  of  its 
colour,  to  that  of  blood.  The  colour  of  good 
minium  is,  as  nearly  as  poflible,  that  of  florid,  or 
what  I call,  dephlogifticated  blood.  It  is  the  colour 
they  both  acquire  from  expofure  to  the  air.  When 
the  minium  was  in  the  ladle  over  the  fire,  the  fur-, 
face  continued  of  this  colour,  but  all  the  lower 
part  of  the  mafs  was  of  a deep  red,  or  blacky  the 
colour  of  dark  coloured,  or  phlogifticated  blood. 
But,  like  blood  (only,  in  this  cafe,  the  procefs  was 
much  quicker)  the  moment  that  any  part  of  it  was 
turned  up  to  the  open  air,  k refumed  its  florid 
light  colour ; and  when  it  was  cold,  it  could  not 
have  been  perceived  that  any  thing  had  been  done 
to  it. 

Imagining  that  this  dark  colour  might  be  the 
confequence  of  the  minidm  receiving  phlogifton 
from  the  iron,  I expofed  a quantity  of  it  to  the 
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fame  degree  of  heat  in  a glafs  tube,  but  found  the 
fame  change  of  colour.  In  this,  therefore,  it  re- 
fembles  the  change  of  colour  in  fpirit  of  nitre, 
which  is  produced  by  heat  only,  without  the  help 
of  any  additional  phlogifton,  iinlefs  any  may  be  fup- 
pofed  to  pafs  through  the  glafs. 

The  tube  was  feveral  feet  long,  and  was  quite 
filled  with  the  minium ; and  prefently  after  it  was 
expofed  to  the  heat  of  the  fire,  the  colour  began 
to  change,  growing  darker  and  darker  continually, 
till  it  was  almoft  black,  exadlly  as  it  had  done  in 
the  iron  ladle.  But  when  it  was  cold,  it  re-affumed 
its  florid  light  colour.  That  it  fhould  do  this  with- 
out the  accefs  of  the  external  air  rather  furprized 
me ; ,and  yet  that  no  air,  except  what  was  contain- 
ed in  the  interftices  of  the  minium  itfelf,  had  accefs 
to  it,  was  evident  from’  the  lower  part  of  the  glafs 
being  ready  to  burft  with  the  expanfion  of  the  air, 
when  it  was  in  a melting  hear. 

. It  was  obfervable,  that  from  the  black  colour, 
the  minium  pafTed,  without  any  fenfible  interval, 
into  yellow,  in  which  fliate  it  contains  little  or  no 
air  of  any  kind  j fo  that . the  florid  colour  is  an  in- 
dication of  its  containing  pure  air,  whatever  be  the 
connexion  between  thefe  circumftances.  It  rnuft 
be  obferved,  however,  that  rhinium  deprived  of  its 
red  colour  by  fpirit  of  fait  does  not  lofe  its  pro- 
perty of  yielding  dephlogifticated  air. 

BOOK 
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SECTION  I. 

Of  the  conftitiient  Principles  of  the  different  Kinds 
of  Air, 

IT  is  always  our  endeavour,  after  making  experi- 
ments, to  generalize  the  conclufions  we  draw 
from  them,  and  by  this  means  to  form  a theory^  or 
fyftem  of  principles^  to  which  all  the  facts  may  be 
reduced,  and  by  means  of  which  we  may  be  able 
to  foretel  the  refult  of  future  experiments.  With 
a view  to  this  it  has  of  late  been  a great  objedt  with 
philofophers  to  afcertain  the  number  of  elemoits 
that  are  neceffary  to  conftitute  ail  the  fubftances 
with  which  we  are  acquainted,  and  efpecially  the 
different  kinds  of  air,  to  which  our  attention  has 
been  much  diredled,  in  confequence  of  their  feem- 
ing  to  bring  us  a little  nearer  to  the  ultimate  con- 
Mm  3 ffituent 
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ftituent  parts  of  bodies;  finding  that  by  their  union 
;hey  are  capable  of  forming  folrd  maffes. 

In  my  former  publications’  I have  frequently 
promifed,  dnd  fometifnes  attempted^  to  give  fuch 
a general  theory  of  the  experiments  in  which  the 
different  kinds  of  air  are  concerned  as  the  prefent 
ftate  of  our  knowledge  of  them  enabled  me  to  do, 
and  I cannot  well  decline  attempting  fomething  of 
the  fame  kind  in  this  new  edition  qf  all  that  I haye 
publUhed  before ; though  I acknowledge  that  I am 
very  far  from  being  able  to  fatisfy  myfelf  with  re- 
fpecb  to  it,  and  therefore  cannot  expert  to  give 
much  fatisfadion  to  others.  When  I publifhed 
the  firft  of  my  fix  volumes,  I was  not  aware  of 
much  difEculty  on  this  fubjedt,  but  new  experi- 
ments foon  unhinged  whatever  I hkd  thought  the 
beft  eftablifhed ; and  this  has  been  fo  often  the  cafe, 
that  my  diffidence  increafes  in  full  proportion  to  the 
increafe  of  our  knowledge.  . 

Fludluating,  however,  as  the  prefent  ftate  of  this 
branch  of  knowledge  is,  1 ftiall  not  decline  to  give 
my  prefent  views  of  it ; nor  ftiall  I find  any  more 
difficulty  in  retradljng  any  opinion  I ffiall  now  ad- 
vance, than  I haye  hitherto  done  in  retrading  what 
I have  advanced  before;  The  fketch  that  I ffiall 
now  give  may  at  leafV  ferve,  like  former  theories,  to 
amufe  us  when  we  look  back  upon  it,  after  having 
gained  a more  perfed  knowledge  of  the  fqbjed. 

Accord- 
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According  to  my  lateft  obfervations,  water ^ or 
rather  vapour ^ is  the  bafis  of  all  kinds  of  air,  or  that 
to  which  they  owe  their  peculiar  kind  of  elafticity\ 
fo  that  all  kinds  of  air  may  be  faid  to  be  vapour 
with  fomething  eife  fo  attached  to  it,  as  to  pre- 
vent its  condenfation  in  the  temperature  of  the  at- 
mofphere. 

The.  moft  fimple  of  all  the  kinds  of  air  are  the 
inflammable  and  dephlogifticated  \ the  former  confift- 
ing  of  water  and  phlogifton,  and  the  latter  of  water 
and  fomething  that  may  be  called  the  prindple  of 
acidity,  as  it  appears  to  be  necefiary  to  the  conftitution 
of  all  acids.  Water  feems  to  conftitute  about  nine 
parts  In  ten  of  dephlogifticated  air,  but  there  feems 
to  be  a much  lefs  proportion  of  it  in  inflammable- 
air. 

The  hepatic  air  pi  Mr.  Bergman  appears  from 
late  experiments  to  be  fulphur  diflblved  in  inflam- 
mable air,  and  phojphoric  air  to  be  pholphorus  dif- 
folved  in  it ; becaufe  if  either  of  thefe  fubflances  be 
melted  in  inflammable  air,  that  Ipecies  of  air  to 
which  it  gives  a name  will  be  formed.  According 
to  this  theory,  what  I have  called  fulpbureous  infl'am- 
mahle  air  will  be  nothing  materially  different  from 
hepatic  air,  that  is,  inflammable  air  at  kaft  partially 
fatu  rated  with  fulphur,  though  I was  not  aware  of 
it  at  the  time  of  the  difcovery. 
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Oil  of  various  kinds  feems  to  be  diflblved  in  in- 
flammable air,  fo  as  to  make  the  air  burn  with  a 
lambent  flame,  of  various  colours.  The  variety  of 
fmells  of  which  inflammable  air  is  capable,  fliews 
that  it  admits  of  a great  variety  of  impregnations ; 
and  this  is  not  extraordinary,  confidering  how  nearly 
it  approaches  to  a Ample  fubflance,  as  it  contains 
only  two  elements,  viz.  water  and  phlogifton. 

* Fixed  air  feems  to  confifl:  of  about  one  half  wa- 
ter, and  the  other  half  phlogifton,  and  dephlogifti- 
cated  air  in  the  proportion  of  one  fourth  of  the 
former,  to  three  fourths  of  the  latter.  It  is  formed 
by  means  of  inflammable  and  dephlogifticated  air, 
when  either  of  them  is  difengaged  by  heat  frorn 
the  fubftance  containing  it,  in  the  other  fpecies  of 
air  actually  formed,  or  (which  can  hardly  be  faid  to 
make  a different  cafe)  when  the  fubftahces  contain- 
ing each  of  them  are  heated  together ; whereas  if 
both  the  kinds  of  air  were  previoufly  formed,  and 
then  decompofed  together,  they  will  make  nitrous  acid^ 
with  nothing  more  (and  this  only  in  fome  cafes) 
^han  a very  flight  appearance  of  fixed  air. 

Nitrous  air  cpnfifts  of  phlogifton,  and  fome  por- 
tion of  the  acidifying  'principky  combined  in  a very 
peculiar  and  unknown  manner,  fo  that  much  diffi- 
culty ftill  attends  the  theory  of  this  kind  of  air. 
That  it  contains  the  acidifying  principle,  or  fome 
modification  of  it,  is  evident . from  its  admitting  a 
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candle  to  burn  in  it  after  long  expofure  to  iron. 
And  in  this  ftate,  to  which  I have  given  the  name  of 
dephlogijiicated  nitrous  air^  it  feems  to  want  nothing- 
but  expofure  to  heat  to  convert  it  into  proper  de- 
phlogifticated  air. 

That  nitrous  air  contains  the  principle  of  acidity, 
is  alfo  probable  from  pyrophorus  firing  equally  well 
in  this  kind  of  air  and  in  dephlogifticated  air.  It 
cannot  be  the  water  only  in  them  both  that  is  the 
caufe  of  this  accenfion,  becaufe  pyrophorus  that  has 
been  ignited,  gives  out  by  expofure  to  heat  one  of 
the  elements,  at  leaft,  of  dephlogifticated  air,  viz. 
that  which  is  contained  in  fixed  air.  That  nitrous 
air  contains  this  principle,  is  farther  evident  from 
the  very  fine  experiment  of  Mr.  Milner,  who  pro- 
duced nitrous  air  by  pafling  alkaline  air  over  fub^ 
fiances  containing  dephlogifticated  air  in  a red  heat. 
See  Phil.  Tranf.  Vol.  LXXIX.  p.  300. 

We  know  but  little  of  the  nature  of  phlogifticated 
air  \ but  that  it  contains  phlogifton,  feems  to  be 
'evident  from  its  aftifting  to  form  nitrous  acid  with 
dephlogifticated  air,  in  the  remarkable  experiment 
of  Mr.  Gavendifh  with  the  eledlric  fpark.  The 
fame  may  be  inferred  from  nitrous  air  leaving  a re- 
ftduum  (generally  about  one  fourth  of  its  bulk)  of 
phlogifticated  air  in  a variety  of  procefles,  etpeci- 
ally  when  part  of  its  water  has  been  extraded  from 
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it  by  heating  iron  in  it.  Alfo,  as  the  iron  lofes  its 
phlogifton,  and  extracts  nothing  from  nitrous  air, 
befides  water,  it  feems  probable  that  the  acidifying 
principle  in  nitrous  air  is  left  behind  in  this  procefs, 
and  therefore  that  this  muft  be  another  conftituent 
principle  in  • phiogifticated  air.  It  alfo  follows 
from  the  fame  experiment,  that  phiogifticated  air 
muft,  contain  all  the  phlogifton  in  the  nitrous  air, 
which  was  four  times  its  own  bulk,  and  alfo  that  of 
the  iron. 

The  different  fpecies  of  add  air^  feem  to  be 
thofe  acids  in  the  form  of  vapour  highly  phlogifti-* 
cated,  and  combined  with  a certain  portion  of  wa- 
ter. Befides  this,  the  fiuor  acid  air  contains  a por- 
tion of  the  earthy  called  jiuor  cruft. 

Alkaline  air  appears  to  confift  of  phiogifticated  air 
and  inflammable  air,  both  by  its  decompofition  with 
heat,  and  its  formation  from  nitrous  air  and  iron, 
either  in  my  own  flow  procefs,  with  cold  iron,  or 
Mr.  Milner’s  very  curious  one  with  iron  red  hot. 
But  the  fecret  of  the  combination  of  phiogifticated 
air  and  inflammable  air,  fo  as  to  conftitute  alka- 
line air,  is  altogether  unknown  j and  we  cannot  be 
faid  to  know  much  of  the  nature  of  a fubftance,  when 
we  know  nothing  more  than  the  elements  of  which 
it  is  compofcd,  and  are  wholly  ignorant  of  the  man- 
ner of  their  combinaticn  ^ fince  fubftances  moft  re^ 
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markably  difFerent  from  each  other,  appear  to  con- 
fift  of  the  fame  elements  in  different  proportions, 
and  united  in  a difFerent  manner. 

The  nitrous  add  appears  from  my  late  experi- 
ments to  be  the  moft  fimple  of  all  the  acids ; fince 
it  is  formed  by  the  decompofition  of  dephlogifli- 
cated  air  and  the  pureft  inflammable  air;  and  as 
the  acidifying  principle  is  the  fame  in  all  the  acids, 
efpecially  the  three  mineral  ones,  it  is  probable  that 
fome  peculiar  additional  Juhftance  may  be  necefFaiy 
to  conflitute  the  vitriolic  and  marine  acids,  as  well 
as  the  vegetable  ones.  But  even  thefe  may  differ 
from  the  nitrous  in  nothing  more  than  a difFerent 
combination  of  the  fame  elements,  fo  very  little  do 
we  know  of  the  internal  conftitudon  of  fubflances. 

The  action  of  the  ele^iric  /park  upon  difFerent 
kinds  of  air,  is  not  eafily  explained.  As  a perma- 
nent inflammable  air  is  formed  by  it  from  any  kind 
of  oil,  or  cauflic  volatile  alkali,  it  mufl  be  capable 
of  giving  this  aerial  form  to  the  water  and  phlot- 
gifton  contained  in  thefe  liquors  ; but  as  a red  heat 
will  do  the  fame  thing,  this  effedt  may  be  produced 
by  means  of  the  mere  heat  communicated  by  the 
fpark.  And  fomething  communicated  by  heat,  feems 
to  enter  as  a conftituent  principle  into  every  fpecies 
of  air,  becaufe  the  water  in  the  worm  tub  is  not 
heated  when  air  is  produced  from  the  vapour  of 
, acids. 
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acids.  The  element  of  heat,  therefore,  called  by  Dr. 
Black  latent  heat^  extremely  obfcure  as  the  fubjedl 
is,  feems  to  enter  into  the  compofition  of  all  kinds 
of  air. 


SECTION  II. 

Of  the  Do5lrme  of  Phlogijlon. 

According  to  Stahl,  phlogillon  is  a real 
fubftance,  capable  of  being  transferred  from 
one  body  to  another,  its  prefence  or  abfence  mak- 
ing a remarkable  difference  in  the  properties  of 
bodies,  whether  it  add  to  their  weight,  or  not.  Thus 
he  concluded  that  oil  of  vitriol  deprived  of  water, 
and  united  to  phlogifton,  becomes  fulphur,  and 
that  the  calces  of  metals,  by  the  addition  of  the  fame 
llibftance,  become  metals.  The  air  that  has  fince 
been  difcovered  in  the  calces  of  metals,  makes  no 
great  difference  in  the  fyftem.  For  as  oil  of  vitriol 
muft  part  with  its  water,  as  well  as  imbibe  phlo- 
giflon,  in  order  p its  becoming  fulphur,  fo  the 
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calx  muft  part  with  its  air,  as  well  as  imbibe  phlo- 
gifton,  in  order  to  become  a metal. 

What  is  now  contended  for  is,  that  in  the  oil  of 
vitriol  changing  into  fulphur,  fomething  is  lofty  and 
nothing  gained ; and  alfo  that  a calx  becomes  a 
metal  by  the  lofs  of  air  only.  And  did  fadfs  cor- 
refpond  on  this  theory,  it  would  certainly  be  prefer- 
able to  that  of  Stahl,  as  being  more  ftmple  i there 
being  one  principle  lefs  to  take  into  our  account  in 
explaining  the  changes  of  bodies.  But  I do  not 
know  of  any  cafe  in  which  phlogifton  has  been  fup- 
. pofed  to  enter  into  a body,  but  where  there  is  room 
to  fuppofe  that  Joinething  does  enter  into  it. 

What  has  been  infilled  upon,  as  moll  favourable 
to  the  exclufion  of  phlogillon,  is  the  revival  of  mer^ 
cury,  without  the  addition  of  any  other  fubllance, 
from  xht  precipitate pr  Je.  In  this  cafe  it  is  evident 
that  mere  heaty  either  in  a clofe  retort,  or  in  vacuo, 
is  fufficient  to  revive  the  metal.  And  as  what  is 
expelled  from  this  calx  is  the  purell  dephlogillicated 
air,  it  has  been  faid  that  mercufy  is  changed  into 
this  calx  by  imbibing  pure  air,  and  therefore  be- 
comes a metal  again,  merely  in  confequence  of 
parting  with  that  air. 

But  Mr.  Kirwan  explains  this  cafe  in  the  follow- 
ing manner,  which  to  me  appears  fatisfadlory.  • The 
metal,  when  expofed  to  a certain  degree  of  heat, 
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in  contad  with  pure  air,  imbibes  indeed  the  pure 
air,  and  nothing  elfe,  retaining  the  whole  pf  its 
own  phlogifton  fo  that  then  it  may  be  faid  to  con- 
tain fixed  air,  which  is  compofed  of  phlogifton  and 
dephlogifticated  air ; and  that  in  a greater  degree 
of  heat,  the  latter  is  expelled  while  die  former  is 
retained ; fo  that  this  calx  was  always  poflefled  of 
phlogifton  fufticient  for  its  own  revival. 

But  that  mercury  may  be  deprived  of  its  phlo- 
gifton, fo  as  to  be  incapable  of  becoming  running 
mercury  again  by  mere  heat,  is  evident  from  my 
experiments  on  turbith  mineral,  F or  if  this  fubftance 
be  expofed  to  heat  in  a very  clean  earthen  veffel, 
the  vitriolic  acid  fo  effedually  carries  away  its  phlo- 
gifton, that  a great  proportion  of  it  is  left  a mere 
calx,  capable  of  bearing  any  degree  of  heat  with- 
out revival ; and  it  can  never  become  running  mer- 
cury again,  but  by  being  heated  in  conta6t  with 
inflammable  air,  or  fome  other  fubftance  containing 
phlogifton.  It  is  evident,  therefore,  that  this  calx^ 
which  is  a dark  red  fubftance,  fometimes  hard,  and 
fometimes  powdery,  is  mercury  deprived  of  its 
phlogifton,  and  fomething  muft  enter  into  it  before 
it  can  become  a metal.  Confequently,  the  metal^ 
are  not  Ample  fubftances,  but  phlogifton  always  en- 
ters into  their  compofition.  This,  indeed,  is  evi- 
dent from  thofe  of  my  experiments  in  which  I pro- 
duce 
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duce  any  of  the  metals  from  the  calces^  by  heating 
them  in  inflammable  air,  which  is  imbibed  by 
them. 

Monf.  Lavolfier,  and  many  who  follow  him,  are 
of  opinion  that  what  has  been  called  phlogifton,  is 
nothing  more  than  one  of  the  conftituent  parts  of 
water,  the  other  being  iht  principle  of  acidity  ; and 
this  dodrine  of  the  compofltion  and  decompofition 
of  water,  has  been  made  the  bafis  of  an  entirely  new 
fyftem  of  chemiftry,  and  a new  fet  of  terms  has 
been  invented,  and  appropriated  to  it. 

It  mnft  be  acknov/ledged,  that  fubftances  pof- 
fefled  of  very  different  properties,  may,  as  I have 
faid,  be  compofed  of  the  fame  elements  in  different 
-proportions,  and  different  modes  of  combination. 
It  cannot  therefore  be  faid  to  be  abfoiutely  impof-^ 
fible  but  that  water  may  be  compofed  of  thefe  two 
elements,  or  of  any  other ; but  then  the  fuppofition 
ftiould  not  be  admitted  without  ; and  if  a for^ 
mer  theory  will  fufliciently  account  for  all  the  fadfs^ 
there  is  no  occafion  to  have  recourfe  to  a new  one, 
..attended  with  no  peculiar  advantage. 

Alfb,  that  phlogifton  is  an  element  in  the  compo*- 
iition  of  water,  is,  as  I have  more  than  once  ob- 
ferved,  not  improbable,  fince  water  conduds  elec- 
tricity like  metals  and  charcoal,  into  which  the 
fame  principle  enters,  and  becaufe,  when  frefti  dif- 
tilled,  it  attrads  dephlogifticated  air  from  die 
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mofphere,  which  is  the  property  of  other  bodies 
containing  phiogifton.  By  this  means  it  may,  in 
faffc,  contain  both  the  principles,  of  which,  accord- 
ing to  the  new  theory,  it  wholly  confifls  ; and  in 
what  degree  it  contains  them,  we  cannot  tell.  For 
though  heat  may  expel  a part  of  them  in  the  form 
of  air,  the  force  of  this  adlion  may  be  limited,  fo 
that  water  boiled  ever  fo  long  may  retain  much 
air,  which  only  a red  heat  will  difcover,  efpecially 
fo  intenfe  a heat  as  elediricity  is  known  to  commu- 
nicate. But  this  is  no  argument  againft  the  dodrine 
of  phiogifton,  fince  it  only  proves  that  this  prin- 
ciple is  contained  in  water,  more  or  lefs  intimately- 
combined,  as  well  as  in  many  other  fubftances. 
This  may  fcrve  as  a general  reply  to  the  conclu- 
fions  that  Meffrs.  Van  Trooftwyck  and  Dieman 
have  drawn  for  their  very  ftriking  experiments  on 
water,  till  they  can  be  repeated  and  examined  with 
the  attention  that  they  certainly  deferve. 

Finding  the  procefs  for  procuring  air  from  wa- 
ter, by  means  of  the  ele5iric  Jpark^  a very  flow  one, 
and  liable  to  many  accidents,  I had  recourfe  to  a 
well  glazed  hot  earthen  tuhe^  and  then  to  a burning 
mirror y throwing  the  focus  upon  a piece  of  crucible 
covered  with  water.  In  all  thefe  three  methods  I 
procured  air  j but  thinking  to  preferve  them  till  I 
got  a quantity  fufHcient  for  a few  explofions,  in 
■ order  to  fee  whether  any  acid  would  be  the  refult,  I 
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found  they  were  all  either  conapletely,  or  very  near- 
ly, abforbed  by  the  water,  even  water  fufEciently 
faturated  with  air,  fo  that  it  would  not  imbibe 
either  dephlogifticated  or  inflammable  air.  Confe- 
quently,  fomething  was  wanting  to  conftitute  this  , 
produce  proper  permanent  air.  In  this  view  the  ex- 
periment is  extremely  curious,  and  well  deferves  to 
be  profecuted.  If  I have  a good  fun  in  the  courfe 
of  the  approaching  fummer,  I fliall  not  fail  to  at- 
tend to  it. 

It  is  faid  by  Mr.  Lavoifier,  and  his  friends,  that 
water  muft  confifl:  of  inflammable  and  dephlogifti- 
cated air,  flnee  it  may  both  be  confipofed  from 
them,  and  refolved  into  them  again.  But  their  ex- 
periments I have  ftiewn  not  to  authorize  the  conclu- 
fton  that  has  been  drawn  from  them.  When  de- 
phlogifticated and  inflammable  air  are  decompofed 
by  heat,  both  in  my  experiments  and  theirs,-  nitrous 
acid  is  always  formed ; and  though  this  acid  has 
been  faid  to  come  from  the  phlogifticated  air, 
which  could  not  be  wholly  excluded  in  the  procefs, 
it  is  manifeft  from  feveral  confiderations  that  it 
-could  not  have  this  fource ; efpecially  as  the  fame 
procefs  will  not  at  all  decompofc,  or  in  the  fmalleft 
degree  affedl,  phlogifticated  air.  Befides,  if  phlo- 
gifticated air  fhould  contribute  to  the  formation 
of  this  nitrous  acid,  it  is  moft  natural  to  fuppofe  that 
it  is  efFeded  by  imparting  phlogifton,  of  which  it 
VoL.  IlL  N n pi  in- 
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principally  confifts  ; and  in  this  manner  I doubt  not 
it  does  contribute  to  the  formation  of  nitrous  acid 
in  the  experiment  of  Mr.  Cavendifli,  the  dephlo- 
giflicated  air  furnilhing  the  principle  of  acidity,  and 
the  phlogifticated  air  phlogifton,  as  the  inflammable 
air  does  in  rny  experiment. 

In  what  manner  foever  dephlogifticated  and  in- 
flammable air  be  made  to  unite,  they  compofe 
fome  acidy  and  in  no  CdSt pure  water.  If  iron  (con- 
taining phlogifton)  be  heated  in  dephlogifticated 
air,  or  if  precipitate  per  fe  (containing  dephlogifti- 
cated air)  be  heated  in  inflammable  air,  fixed  air  is 
always  formed ; whereas  according  to  the  modern 
hypothefis,  water  only  ought  to  be  produced  in  both 
the  cafes.  That  the  fixed  air  ftiould  come  either 
from  the  plumbago  in  the  iron,  or  from  the  preci- 
pitate per  fe,  is  impoffibie  on  the  account  of  the 
quantity  of  it*  The  precipitate  that  I made  ufe  of^ 
contained  no  fixed  air  at  all,  and  whatever  plum- 
bago there  may  be  in  iron,  it  is  always  retained  in 
the  calx,  and  does  not  enter  into  the  inflammable 
air  procured  from  it,  becaufe  that  inflammable  air 
may  be  decompofed  without  producing  any  fixed 
air. 

. Water,  they  fay,  is  completely  decompofed  when 
it  is  made  to  pafs  over  red  hot  iron,  the  iron  im- 
bibing the  acidifying  principle,  and  the  remainder 
going  off  in  the  form  of  inflammable  air.  But  it  is 
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^jnfortunate  for  this  hypothefis,  that  no  fubftances 
will  anfwer  for  this  experiment,  except  fuch  as  have 
always  been  fuppoled  to  contain  phlogifton,  and 
that  all  thefe  do  anfwer.  It  is  therefore  much  more 
probable,  that  the  inflammable  air  is  formed  by  the 
phlogifton  from  thefe  fubftances,  and  the  water  with 
which  it  is  then  fupplied  as  a bafe>  and  that  if  any 
part  of  the  fubftance  remain,  and  acquire  weight, 
it  receives  that  additional  weight  from  water  only. 

Charcoal  almoft  wholly  vanifhes  in  this  procefs, 
which  it  probably  does  by  its  entering  wholly  into 
the  air  that  is  produced,  and  the  fixed  air  that  is 
found  mixed  with  the  inflammable  air,  only  (hews 
that  charcoal  contains  all  the  elements  of  fixed  air, 
the  acidifying  principle  as  well  as  phlogifton,  and  it 
has  not  been  fhewn  that  it  does  not. 

Iron  acquires  weight  in  this  procefs,  but  it  ap- 
pears to  be  from  water  onlyy  becaufe  when,  after 
this,  it  is  heated  in  inflammable  air,  that  air  is  im- 
bibed, and  nothing  but  the  pureft  water  is  found 
in  the  veflfel ; whereas  if  this  iron  Jlagy  or  finery  cin^ 
dery  had  contained  the  acidifying  principle  extraded 
from  the  water,  the  heating  of  it  in  inflammable  air 
would  be  attended  with  the  fame  phenomena  as  the 
heating  of  precipitate  per  Je  in  the  fame  kind  of  air, 
viz.  the  production  of  fixed  air.  But  this  is  not  the 
cafe  5 there  being  no  mixture  of  fixed  air  in  wliat 
remains  of  the  inflammable  air  in  which  finery  cinder 
N n 2 is 
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IS  heated,  but  always  in  that  in  which  the  precipi- 
tate is  heated. 

The  fame  is  perhaps  ftill  more  evident  from  heat- 
ing the  two  fubftances,  minium  and  majficoty  in  in- 
flammable air.  If  minium,  which  contains  pure 
air,  or  the  acidifying  principle,  be  heated  in  inflam- 
mable air,  the  lead  will  be  revived,  and  fixed  air 
will  be  found  in  the  velTel ; but  if  maflicot,  or  that 
minium  from  which  its  air  has  been  expelled  by  heat, 
be  ufed,  though  the  lead  will  be  revived,  no  fixed 
air  will  be  found.  The  refult  will  be  the  very  fame 
as  when  iron  is  revived  from  finery  cinder  in  in- 
flammable air. 

Had  the  iron  imbibed  dephlogifticated  air  from 
the  water,  and  not  water  itfelf,  there  feems  to  be 
no  reafon  why  fixed  air  Ihould  not  be  found  in  this,  ' 
as  well  as  in  the  exa&ly  fimilar  procefs  with  minium 
and  precipitate  per  Je,  Alfo,  it  can  never  be  fup-% 
pofed,  that  the  addition  which  iron  gains,  of  one 
third  of  its  weight,  is  from  air  contained  in  fteam, 
if  it  could  be  proved  to  contain  any ; becaufe,  if 
there  be  a fufliclent  quantity  of  iron,  the  whole  of 
the  water  will  be  imbibed  j fo  that,  on  this  hypo- 
thefis,  water  mufl:  be  nothing  but  dephlogifticated 
air  condenfed. 

There  is,  I acknowledge,  a great  difficulty  in  ex- 
plaining the  experiment  of  iron  firft  imbibing  water, 
and  parting  with  phlogifton,  and  again  parting  with 
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its  water,  and  Imbibing  phlogifton,  in  circumflances 
of  heat  fo  nearly  fimilar  as  thofe  which  I have  de- 
fcribed.  It  feems  as  if  the  affinity  of  iron  to  water 
and  to  phlogifton  was  each,  in  their  turns,  ftronger 
tlian  the  other.  To  this  1 can  only  fay,  that  the 
whole  dodrine  of  affinities,  as  far  as  it  is  true,  is 
founded  on  fa6ts  5 and  thefe  are  clearly  fuch  as  I 
have  rreprefented  j and  that  a difference  of  circum- 
ftances,  which  is  not  apparent  at  prefent,  may  be- 
come fo  when  we  ftiall  have  given  fufficient  atten- 
tion to  them. 

The  refults  of  the  experiments  with  minium, 
compared  with  thofe  in  which  finery  cinder  was 
ufed,  not  having  been  recited  before,  I fhall  intro- 
duce them  here.  In  both  thefe  cafes  the  reliduums 
of  the  inflammable  air  were  equally  free  from  fixed 
air  i and  when  they  were  fired  with  equal  quantities 
of  dephlogifticated  air,  the  diminutions  of  bulk 
were  very  nearly  the  fame,  lefs  than  when  the  ori- 
ginal inflammable  air  was  ufed,  becaufe  all  the  im- 
purities in  the  whole  quantity  were  retained  in  a 
fmall  refiduum^  the  metals  having  imbibed  nothing 
but  pure  phlogifton.  Alfo  the  inflammable  air  had 
been  long  confined  by  water,  in  confequence  of 
which  it  is  always  altered  more  or  lefs.  The  parti- 
culars of  the  proceftes  were  as  follows : 
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The  finery  cinder  was  revived  in  7 oz.  m,  of 
inflammable  air,  which  was  thereby  reduce  to  oz. 
in. ; and  an  o^.  m.  of  this  refiduum  being  fired  to- 
gether with  an  equal  quantity  of  dephlogiflicated 
air,  not  very  pure,  the  diminution  of  both  was  to 
a 8 divifions  of  a tube,  of  which  30  was  one  oz.  m, 
wlien  with  equal  quantities  of  the  fame  dephlogifti- 
cated  and  the  original  inflammable  air,  the  diminu- 
tion was  to  18. 

The  mafTicot  was  reduced  in  8 oz.  m.  of  inflam^ 
mable  air  till  it  was  reduced  to  li  oz.  m. ; and  after 
the  procefs  with  the  dephlogiflicated  air,  the  dimi- 
nution was  to  29,  when  with  the  original  inflamma- 
ble air  it  was  to  17 1.  ~ 

In  both  the  reflduums  after  the  explolion,  there 
was  a flight  appearance  of  fixed  air^  though  none 
could  be  perceived  before  the  explofion ; but  in 
both  cafes  it  was  fo  flight  that  it  could  not  have 
been  perceived  by  the  diminution  of  its  bulk.  But 
fince  both  fixed  air  and  nitrous  acid  are  produced 
from  the  fame  materials  in  different  circumftances, 
it  cannot  be  thought  extraordinary  if,  in  fome  cafes, 
both  fhould  be  produced  at  the  fame  time. 

Another  argument  againft  the  antiphlogiftic  doc-» 
trine,  may  be  drawn  from  fome  experiments  wJuch 
I made  upon  Pruffian  blue,  if  the  fmall  quantity  of 
fixed  air  that  can  be  expelled  from  jt  by  heat,  be  com- 
pared 
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pared  with  the  much  greater  quantity  when  it  is 
heated  in  dephlogifticated  air. 

According  to  Mr.  I^avoifier,  finery  cinder  con- 
tains nothing  befides  iron,  and  the  principle  of  aci- 
dity. But  if  this  be  the  cafe,  and  if  charcoal,  as 
they  maintain,  be  a fubftance  that  contains  no  phlo- 
gifton,  but  is  only  capable  of  forming  inflammable 
air  by  its  affifting  to  decompofe  water,  the  heating 
of  this  dry  cinder^  together  with  dry  char  coaly  ought 
not  to  produce  inflammable  air,  which  however  it 
does  in  great  abundance ; whereas  this  fadl  agrees 
exactly  with  the  common  hypothefis,  the  cinder,  in 
return  for  the  phlogifton  it  receives  from  the  char-- 
coal,  giving  out  the  water  which  it  had  before  im- 
bibed ; and  this  water  enabling  the  remainder  of  the 
charcoal  to  take  the  form  of  inflammable  air.  ‘ 

Ithas  been  faid,  that  if  the  finery  cinder  con- 
tained nothing  but  water,  it  could  not  be  formed  by 
heating  iron  in  dephlogifticated  air,  which  however 
is  done  with  as  much  certainty  as  in  pure  fteam. 
But  by  far  the  greateft  part  of  the  weight  of  dephlo- 
gifticated air  is  water,  and  the  air  being  decompofed 
in  the  procefs,  the  water  is  imbibed  by  the  iron, 
and  the  acidifying  principle  contributes  to  form  fixed 
air,  with  the  phlogifton,  which  is  at  the  fame  time 
expelled  from  the  iron  s ‘a  fa6l  which  cannot  be  ac- 
counted for  on  the  new  hypothefis,  which  admits 
of  nothing  in  the  iron,  which,  by  its  combination 
N n 4 with 
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with  dephlogifticated  air,  or  any  epnfti^e^t'  part  of 
it,  can  form  this  fixed  air. 

If  water  be  not  decompofed,  both  metals  and 
fulphur  do  certainly  yield  inflammable  air,  whea 
fteam  is  made  to  pafs  over  them  in  a red  heatf. 
They  cannot,  therefore,  be  fmple  JuhftanceSy  as  thp 
antiphlogiflic  theory  makes  them  to  be,  Alfo>  tl|Q 
fame  thing  that  they  have  parted  with,  viz,  infiam'* 
mable  air  (or  rather  fomething  that  is  left  of  inflani-» 
mable  air  when  the  water  is  taken  from  it,  and  which 
may  as  well  be  called  phlogifton  as  any  thing  elfe) 
may  be  transferred  to  other  fubftances,  and  thus 
contribute  to  form  any  of  the  metals,  fulphur,  phof* 
phorus,  or  any  thing  elfe  that  has  been  deemed  to 
contain  phlogiflion.  This  phlogifton,  alfo,  np 
doubt,  having  weight,  it  perfedtly  correfponds  tO 
the  definition  of  a Jtihftancey  having  certain  affinities, 
by  means  of  which  it  is  transferred  from  one  body 
to  another,  as  much  as  the  different  acids. 

If  there  be  no  fuch  thing  as  one  principle  of  phlo-» 
gifton,  transferable  from  one  fubftance  to  another, 
and  the  dodtrine  of  the  decompofition  of  water  be 
denied,  it  muff:  be  admitted,  that  inflamrnable  air 
from  fulphur  is  real  fylphur  and  water,  that  fronp 
iron,  iron  and  water,  as  well  as  that  very  different 
fubftance,  the  Jcale  of  iron.  And  fince  copper,  or 
any  other  metal,  may  be  made  of  inflammable  air 
from  iron,  &c.  all  the  metals  will  be,  in  fa6b,  con^ 
' I vertible 
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vertible  Into  one  another.  At  leaft,  it  may  be  faid, 
that  all  the  component  parts  of  any  one  metal  may 
be  fo  incorporated  with  any  other,  that  no  teft  can 
detedl  it.  Alfo  iron,  made  of  inflammable  air  from 
fulphur,  ought,  upon  this  hypothefis,  to  have  the 
properties  of fulphurated  iron^  which  undoubtedly  it 
would  not  have.  An  hypothefis  loaded  with  thefe 
difficulties  mufl;  be  inadmiffible ; whereas  that  of 
phlogifton  is  extremely  Ample,  and,  as  far  as  ap- 
pears, of  univerfal  application'. 

The  difcovery  that  the  greatefl:  part  of  the  weight 
of  inflammable  air,  as  well  as  of  other  kinds  of  air, 
is  water,  does  not  make  the  ufe  of  the  term  phlo- 
gifton lefs  proper : for  k may  be  ftill  given  to  that 
frinciple^  or  thing,  which,  when  added  to  water, 
makes  it  to  be  inflammable  air ; as  the  term  acidic 
fying  principle  may  be  given  to  that  thing/ which, 
when  it  is  incorporated  with  water,  makes  dephlo- 
gifticated  air. 
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y/  more  particular  Anjwer  to  the  Objections  of  the  An^ 
tiphlogtfiians. 

IT  will  be  expefted,  that  in  this  reply  to  the  ob- 
jedlions  that  have  been  made  to  my  experiments 
eftablifhing  the  dodrine  of  phlogifton,  I fliould  con- 
fider  what  has  been  alledged  by  Meflrs.  Lavoifier, 
Berthollet,  and  de  Fourcroy,  in  favour  of  their  new 
fyftem,  in  their  Report  on  the  fubjefl:  of  the  new 
chemical  characters  invented  by  Meflrs.  Haflfenfratz 
and  fubjoined  to  the  new  Nomenclature  Chy- 
mique.  I fhall  therefore  notice  what  appears  to  me 
to  be  mofl:  important  in  that  publication. 

" One  of  the  articles  of  the  modern  doCtrine” 
of  which  they  fay,  p.  31 1,  that  it  cofl:  more  than 
**  twenty  years  labour,  which  the  force  of  reafon- 
" ing  has  obliged  many  celebrated  chemifls  to 
adopt,  and  in  favour  of  which  much  greater  num- 
**  bers  are  ready  to  decide (and  the  evidence  for 
which  they  fay,  p.  301,  " is  the  moft  complete 
chemical  proof)  that  feems  the  mofl:  folidly 
eftablilhed,”  p.  298,  is  the  formation,  the  de- 
5 compofition. 
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compofition,  and  recompofition  of  water;  and 
how  is  it  pofTible,”  they  add,  to  doubt  of  it, 
when  we  fee  that,  in  burning  together  fifteen 
grains  of  inflammable  air  and  eighty  five  of  pure 
air,  we  get  exadly  a hundred  grains  of  water; 
and  when  we  can,  by  decompofition,  find  again 
thefe  fame  two  principles,  in  the  fame  propor- 
tions?*' 

To  this  I mufl  fay,  as  I did,  when  I was  myfelf  a 
believer  in  the  decompofition  of  water,  that  I have 
never  been  able  to  find  the  full  weight  of  the  air 
decompofed  in  the  water  produced  by  the  decom- 
pofition ; and  that  now  I apprehend  it  will  not  be 
denied,  that  the  produce  of  this  decompofition  is 
not  mere  water,  but  always  fome  acid. 

M.  Lavoifier  and  his  affociates  farther  obferve, 
p.  300,  with  refpe61:  to  my  experiments,  that  ‘‘  when 
a calx  is  revived  in  inflammable  air,  more  water 
is  found  in  the  veflTel  than  the  weight  of  inflam- 
mable  air  that  difappears,  fo  that  it  could  not 
have  been  contained  in  that  air/’  They  only 
refer  to  my  experiments  in  general;  but  as  they 
fpeak  of  the  water  produced  as  appearing  both  on 
the  infide  of  the  vefiel,  and  on  the  furface  of  the 
mercury,  it  can  be  no  other  than  the  experiment 
of  the  revival  of  iron  from  finery  cinder ; and  the 
water  that  is  found  in  this  procefs  was  never  fup- 
pofed  to  come  from  the  little  that  is  contained  in 

the 
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the  infiamnnahle  air,  but  the  much  greater  quantity 
contained  In  the  cinder. 

I fhall  alfo  confider  the  farther  objedions  that 
have  been  made  to  the  dofbrine  of  phlogifton,  and 
to  my  experiments  in  favour  of  it,  that  have  fince 
been  made  by  Mr.  Berthollet,  in  an  elaborate  Me- . 
moir  contained  in  the  Annales  de  Chymie,  vol.  Ill, 
p.  63,  &c. 

To  the  experiment  with  the  finery  cinder  and 
charcoal  Mr.  Berthollet  objedls,  p.  79,  that  I pro^ 
bably  got  more  fixed  air  than  inflammable,  that  the 
inflammable  air  contains  much  charcoal  diflblved 
in  it,  and  that  in  many  experiments  charcoal  appears 
to  retain  water  very  obftinately. 

How  obftinately  charcoal  retains  water,  is  eafily 
afcertained*  For  Mr.  Berthollet  himfelf  would  fay, 
that  when  any  particular  degree  of  heat  would  not 
make  charcoal  yield  any  more  inflammable  air, 
there  was  no  m*ore  water  retained  in  it  than  the 
fame  degree  of  heat  was  able  with  its  afllftance  to 
decompofe.  But  by  the  afTiftance  of  finery  cinder, 
with  even  a much  lefs  degree  of  heat,  it  yields  in- 
flammable air  very  copioufty,  juft  as  if  fteam  had 
been  made  to  pafs  over  it  in  that  heat  5 and  judg- 
ing from  evident  appearances,  there  can  be  no  doubt 
but  that,  with  a fufficient  quantity  of  finery  cinder, 
to  fupply  it  with  water,  all  the  phlogifton  in  the 
charcoal,  exclufive  of  that  which  contributed  to  the 

revival 
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revival  t)f  the  iron,  will  be  converted  into  Inflam- 
mable air.  As  ,to  the  proportions  between  the  fixed 
air  and  inflammable,  and  that  of  the  charcoal,  which 
he  fuppofes  to  be  combined  with  the  inflammable 
air,  they  are  nearly  the  fame  in  that  inflammable  air 
which  is  formed  from  charcoal  by  water. 

To  my  experiment  with  the  terra  fonderofay  which 
proves  that  water  is  a conftituent  part  of  fixed  air, 
and  therefore  probably  of  other  kinds  of  air  alfo, 
Mr.  Berthollet  objects,  p.  82,  that  I did  not  ex- 
amine the  lofs  of  weight  in  this  fubflance.  But 
after  the  procefs  it  adhered  fo  clofely  to  the  earthen 
tube  in  which  the  experiment  was  made,  that  the 
lofs  of  weight  cannot  be  afeertained  with  accura- 
cy. But  this  is  not  at  all  neceflary.  I found 
very  exactly  how  much  fixed  air  a given  quan- 
tity of  this  fubflance  would  yield  by  means  of 
water,  which  appeared  to  be  the  very  fame  that  it 
yielded  by  folution  in  fpirit  of  fait,  and  that  it  yielded 
no  air  at  all  by  mere  heat  without  water.  It  was 
quite  fuflicient  therefore  to  find  how  much  water 
was  expended  in  procuring  any  quantity  of  fixed  air 
from  this  fubflance.  And  as  there  was  no  other 
fource  of  lofs  of  water  befidcs  the  fixed  air,  it  could 
not  but  be  concluded,  that  it  entered  into  its  com- 
pofition,  as  a neceflary  part  of  it,  and  in  the  pro- 
portion which  I afeertained. 

Mr.  Berthollet  in  this  memoir  takes  it  for  grant- 
ed that,  in  the  decompofltion  of  dephlogifticated 

and 


OBSERVATIONS 


558 


Be  ok  XIL 


and  inflammable  air  in  the  copper  tube,  the  acid 
came  from  the  phlogifticated  air,  which  I acknow* 
ledge  that  I could  not  wholly  exclude,  merely  be- 
caufe  dephlogifticated  and  phlogifticated  air  pro- 
duced the  fame  acid  in  Mr.  Cavendifti's  flow  and 
very  different  procefs  by  the  eledlric  Ipark,  without 
confidering  my  repeated  anfwer  to  this  objedion, 
viz.  that  it  always  appeared  by  adual  trial,  that  any 
given  quantity  of  phlogifticated  air,  purpofely  mix- 
ed with  the  two  other  kinds  of  air,  always  remained 
intirely  unaffeded  by  this  procefs ; that  the  more 
phlogifticated  air  that  was  mixed  with  the  dephlo- 
gifticated air,  the  lefs  acid  I conftantly  got,  and  that 
the  purer  the  dephlogifticated  and  inflammable  airs 
were,  the  more  acid  I got. 

He  alfo  fuppofes  that  in  this  procefs  I firft  pro- 
cured a Julphureous  acid^  and  that  it  became,  by 
imbibing  pure  air  from  the  atmofphere,  a proper 
nitrous  acid.  But  as  the  experiment  was  made  in 
a clofe  copper  tube,  and  in  general  with  no  fuper- 
fiuity  of  dephlogifticated  air,  there  was  no  oppor- 
tunity of  the  liquor  attrading  any.  Befldes  it  is  not 
at  all  material  u^hich  of  the  nitrous  acids  be  formed^ 
That  a great  proportion  of  it  is  of  a highly  phlo- 
gifticated kind  is  acknowledged,  and  on  this  account 
it  is  that  it  fo  eaflly  makes  its  efcape,  fo  as  to 
have  deceived  the  advocates  for  the  antiphlogiftic. 
theory. 


Mr. 
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Mr.  Berthollet  fays,  p.  87,  that  I explain  the 
difference  between  my  procefs  and  that  of  Mr. 
Cavendilh  by  the  diference  of  temperature,  whereas 
no  fuchidea  ever  occurred  to  me.  It  is  probable^ 
indeed,  that  the  heat  communicated  by  the  eledric 
Ipark  is  much  greater  than  by  the  fimple  ignition  of 
dephlogifticated  and  inflammable  air.  But  if  this 
be  the  reafon  why  phlogiflicated  air  is  decompofed 
in  Mr.  Cavendifli’s  procefs  and  not  in  mine,  which 
I am  far  from  denying  (becaufe  in  mofl  other  cafes 
of  the  effed  of  eledricity  on  air,  it  feems  to  ad  by 
the  mere  communication  of  heat,  fince  in  moil  other 
cafes  heat  communicated  in  a different  manner  will 
produce  the  fame  effed)  ftill  it  is  a degree  of  heat 
that  is  communicated  in  the  one  cafe,  and  by  no 
means  in  the  other.  As  yet  we  know  of  no  heat 
equal  to  that  of  the  eledric  fpark,  and  this  may  be 
the  reafon  why  it  is  able  to  decompofe  common 
air,  which  no  other  heat  is* 

He  fuppofes,  p.  8 9,  90,  that  the  experiment  in 
which  I procured  fixed  air  from  the  precipitate  per  fe 
with  which  he  obligingly  furniflied  me,  was  by  ex- 
plofions  in  the  copper  tube;  whereas  it  was  that 
with  the  burning  lens,  a procefs  totally  different. 
By  the  one  I uniformly  produced  nitrous  acid,  and 
by  the  other  fixed  air. 

The  precipitate  per  fe  with  which  Mr.  Berthol- 
let furniflied  me,  he  fays,  p.  91,  contained  a con- 

fiderable 
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fiderable  quantity  of  fixed  air  j and  yet  he  allows, 
that  when  admitted  to  lime  water  it  did  not  imme- 
diately make  it  turbid,  which  it  is  Well  known  a 
tenth  part  of  the  fixed  air  which  I procured  by 
means  ,of  it  would  have  made  k inftantly  and  com- 
pletely white.  The  turbulency  that  came  on  af- 
terwards muft  therefore  have  had  fome  other  caule, 
probably  fome  acid  of  vitriol  in  the  water  of  the 
trough , in  which  the  experiment  was  made,  and 
which  gradually  infinuating  itfelf  into  the  lime  wa- 
ter in  his  tube,  would  make  felenitey  a thing  that  has 
frequently  occurred  in  the  courfe  of  my  own  ex- 
periments, and  which  for  fome  time  pUEzled  me 
not  a little. 

The  quantity  of  fixed  air  produced  by  heating 
fubftances  in  inflammable  or  dephlogifticated  air 
with. the  burning  lens,  Mr.  Berthoilet  fuppofes,  p. 
93, 1 over-rated,  by  meafuring  it  in  a heated  veffeh 
But  the  quantity  of  air  was  always  meafured  in  a 
feparate  veffel,  and  in  the  very  fame  temperature 
in  which  the  air  on  which  I operated  was  meafured. 
There  was  therefore  no  danger  of  my  making  it 
more  than  it  really  was,  and  though  he  fays  it  was 
no  more  than  the  precipitate  per  fe  would  have 
yielded,  1 do  not  hefitate  to  fay  that  it  was  infinitely 
more,  becaufe  the  precipkate  of  itfelf  yielded  none 
at  all 

I mufl: 
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I muft  obferve,  that  what  I have  lifually  called 
finery  cinder  (becaufe  it  was  fo  called  in  the  furnaces, 
and  I am  not  fond  of  giving  new  names  to  things) 
Mr.  Berthollet  always  calls  an  oxide  of  irony  and  he 
alfo  calls  majficot  an  oxide  of  lead,  taking  it  for  grant- 
ed, that  they  confift  of  thofe  metals  united  to  the 
principle  of  acidity,  and  he  thinks  that  my  pro- 
ducing only  water  from  heating  them  in  inflamma- 
ble air  to  be  a prefumption  that  no  other  oxide 
can  do  any  thing  more.  But  I have  abundantly 
fhewn,  that  the  finery  cinder  contains  no  acidifying 
principle  at  all,  and  it  is  expelled  from  minium 
when  it  becomes  malTicot.  Thofe  metals  there- 
fore are  revived  by  inflammable  air  from  this  kind 
of  calx  without  producing  any  fixed  air,  to  the 
compofition  of  which  dephlogifticated  air,  or  the 
acidifying  principle  in  it,  is  neceflfary.  He  fays, 
p.  96,  that  the  heat  by  which  minium  becomes 
malTicot  cannot  change  its  nature.  But  this  it  evi- 
dently does  by  expelling. from  it  all  its  dephlogifti- 
cated air,  and  by  this  means  deprives  it  of  its  power 
of  generating  fixed  air: when  it  is  heated-iri  inflam- 
mable air.  How  elfe  can  Mr.'-  Berthollet  explain 
the  produ6lion  of  fixed  air  in  this  procefs  by  means 
of  minium^  and  not  by  means  of  mafficot  ? 

. Inflammable  air  from  iron,  Mr.  Berthollet  lays, 
p.  97,  contains  more  or  lefs  oT  charcoal  from  the 
plumbago  contained  in  it;  and  that  this' is  the 
' VoL.  Ill,  O o fource 
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fource  of  the  fixed  air  that  I have  found  in  the  de- 
compofition  of  it.  But  it  may  not  only  be  wafhed 
in  lime  water,  but  even  be  wholly  decompofed  by- 
being  fired  together  with  dephlogifticated  air,  with- 
out difeovering  any  fixed  air  at  all,  fo  that  it  is  im- 
poflible  that  it  fhould  have  contained  any.  Alfo 
it  is  highly  improbable  a priori  that  inflammable  air 
from  iron  contains  any  thing  from  plumbago.  In 
all  the  folutions  of  iron  in  acids  the  plumbago  is 
left  undiflTolved,  and  that  indeed  Is  the  only  method 
by  which  we  can  eftimate  the  quantity  of  it ; and 
when  inflammable  air  is  procured  from  iron  by 
means  of  fteam,  the  cafe  is  no  doubt  the  fame  f 
becaufe  the  inflammable  air  procured  in  this  man- 
ner appears  in  all  experiments  to  have  the  fame 
properties  with  that  which  is  procured  by  means 
of  acids.  I always  ufed  the  pureft  malleable  iron 
till  I found  that  there  was  no  difference  whatever 
between  the  air  procured  from  this,  and  that  from 
call  iron  by  means  of  fteam.  Had  plumbago  at  all 
entered  into  the  inflammable  air,  there  muft  have 
been  a greater  quantity  of  it  in  that  from  caft  iron 
than  from  the  malleable,  fince  the  former  contains 
fo  much  more  plumbago. 

M.  Berthollet  objeds  to  my  obfervation,  that  the 
weight  of  the  liquor  which  I produced  from  the 
decompofition  of  dephlogifticated  and  inflammable 
air  was  never  equal  to  the  weight  of  the  air,  which 
4 difference 
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difference  I account  for  by  the  efcape  of  the  phlo-^ 
giflicated  acid,  becaufe  I took  no  account  of  the 
Yefiduim  of  the  air  in  the'veffel  in  which  I made 
the  explofions.  But  if  he  reads  my  paper  with 
more  attentionj  he  wili  find  that  I did  not  overlook 
this  circiimflance,  fince  I meafured  the  capacity  of 
the  veffel  by  the  quantity  of  air  that  aftually  dif- 
appeared^  by  having  been  completely  decompofed  in 
the  procefs ; fo  that  there  was  no  occafion  what- 
ever to  take  an  account  of  the  air  that  was  not 
afFe6ted  by  it. 

Thefe  ate  all  the  objeftions  that  I haVe  yet  heard 
to  the  doctrine  'pMogifton,  The  reader  will  judge 
of  the  force  of  them,  and  alfo  of  my  replies.  As  I 
have  been  more  than  once  upon  the  point  of  aban- 
doning it3  and  in  my  fixth  volume  adtually  declared 
in  favour  of  the  decompojition  of  water ^ I Ihould  not 
feel  much  relu6tance  to  adopt  the  new  dottrine^  pro- 
vided^ any  new  and  ftronger  evidence  be  produced 
for  it.  Blit  though  1 have  given  all  the  attention 
that  I can  to  the  experiments  of  M.  I.avoifier,  &c. 

I think  that  they  admit  of  the  eaficft  explanation  on 
the  dd  Jyftem. 


Oo  0, 
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In  the  New  Arrangement  of  the  Materials  of  Six  Vg^ 
lumesyit  will  not  he  thought  extraordinary  that  a few 
Omiffions  fhould  he  made,  "The  following  are  all 
that  1 have  ohjerved. 


VoL  L p4  dfter  the  loft  paragraph,  add — ^ ' 
LASLTY,  I would  obferve  that  Sir  Wm.  Lee 
was  fo  obliging  as  to  communicate  to  me  a very 
ufeful  difcovery  of  his,  viz.  to  keep  flefh  meat  a 
long  time  fweet,  even  in  hot  weather,  by  frequently 
walking  it  with  water  impregnated  with  fixed  air, 
as  is  particularly  related  by  himfelf,  in  the  Appendix 
to  Vol.  11.  p.  461. 

VoL  IL  p.  347,  after  the fecond  paragraph,  add — 
Water  probably,  and  alkaline  air  certainly,  re- 
quire the  fame  quantity  both  of  vitriolic  acid  air, 
and  of  fluor  acid  air,  to  faturate  them.  Water,  I 
have  obferved,  imbibes  about  ten  times  more 
marine  acid  air  than  it  can  of  vitriolic  acid  air. 

In  order  to  try  the  power  of  water  to  imbibe 
fluor  acid  air,  I put  fix  grains  of  water  into  a fmall 

glafs 
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glafs  tube,  clofed  at  one  end,  into  a jar  of  fluor 
acid  air,  and  feven  grains  of  water  to  another  jar 
of  the  fame  air.  The  former  imbibed  one  ounce 
meafure  of  the  air,  and  the  latter  two  ounce  mea- 
fures.  This  was  in  a wider  vefTel,  which  was 
probably  an  advantage  with  refped  to  the  abforp- 
tion  of  the  air.  This  abforption,  however,  though 
certainly  greater  than  in  the  cafe  of  vitriolic  acid 
air,  is  far  fhort  of  the  quantity  that  would  have  been 
imbibed  of  marine  acid  air ; and  I afterwards  found 
that  the  fluor  cruft  itfelf  imbibes  a confiderable 
quantity  of  this  acid  air;  fo  that  it  is  polTible, 
that,  exclufive  of  this  abforption  by  the  fluor  cruft, 
the  water  might  .not  have  imbibed  more  of  this, 
than  it  would  have  done  of  vitriolic  acid  air. 

Ihidy  p,  349,  after  the  title  of  Section  77, 

The  mixture  of  any  other  of  the  acid  airs,  with 
alkaline  air^  makes  fo  beautiful  an  experiment,- 
that  it  was  naturally  one  of  the  firft  that  I 
thought  of  making  with  this  new  acid  air.  Ac- 
cordingly, I got  the  appearance  that  I had  expe6l- 
ed ; a white  cloud  being  formed  by  the  union  of 
thefe  two  kinds  of  air.  But  the  alkaline  air  did  not 
mix  fo  readily  with  this  as  with  the  other  kinds  of 
acid  air ; and  which  furprized  me  much  at  the  time, 
the  fait  formed  by  the  union  of  thefe  two  kinds  of 
air  was  not  foluble,  either  in  water  or  fpirit  of  wine. 

Oo  3 But, 
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But,  in  fad,  the  proper  Jolt  formed  by  the  union  of 
thefe  kinds  of  air  was,  no  doubt,  diffolved  in 
the  water  5 that  which  remained  undiffolved  being, 
^ I conjedure,  the  ftony  Juhftance  only  which  -had 
been  held  in  folution  in  the  acid  air.  This  ftony 
fubftance  being  mixed  with  the  acid  air,  is  alfo  pro- 
bably the  reafon  why  the  alkaline  air  does  not  mix 
fo  readily  with  it  as  with  the  other  kinds  of  acid 
air ; fome  time  being  requiftte  to  difengage  it  from 
this  ftony  fubftance,  in  order  to  its  uniting  with  the 
alkaline  air. 


INDEX 
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INDEX 

TO  ALL  THE  THREE  VOLUMES. 


B.  The  Roman  figures  denote  the  volumes,  and  the  other  the 
^ages.  When  no  volume  is  exprefled,  the  firft  volume,  or  the 
volume  laft  mentioned,  is  to  be  underllood,  . 


A 

^CETOUS  fermentation,  fixed  air 
produced  in  it,  I a6 
Acid  airs,  all  the  kinds  of  them 
mixed  with  fixed  air,  383 
Acids,  abforb  nitrous  air,  381;  im- 
pregnated with  nitrous  vapour, 
iii.  144 

Aerial  form  of  fubjiances,  difficul- 
ties concerning  it,  ii.  402 
Air,  former  difcoveries  relating  to 
it,  i;  in  the  hollow  parts  of 
plants,  ii.  20a ; in  fea  weed,  iii. 
^75  ; produced  rapidly  or  ffow- 
ly,  ii.  438  ; kinds  of  it  that  have 
no  mutual  action  mixed,  441  ; 
expanded  by  heat,  448 ; their 
■ fpecific  gravity,  451 ; found  in 
them,  45  3 ; conductors  of  heat, 
457 ; their  refraCtive  power, 
460 ; in  the  bladders  of  fijfhes, 
462 ; expofed  to  urine,  463 ; 
in  the  calces  of  metals,  469  ; 
fuppofed  to  be  contained  in 
mercury,  471 ; not  abforbed  in 


making  nitrous  acid,  iii.  j ; ab- 
forbed by  the  willow  plant,  331; 
extracted  from  charcoal,  416 ; 
the  elements  of  which  all  the 
kinds  are  compofed,  533 
Alkali,  caujlic,  abforbs  nitrous  air, 
378  ' ^ . 

volatile,  produced  from  ni- 
trous air  and  iron,  ii.  41  > con- 
verted into  inflammable  air  by 
the  electric  fpark,  198 
Alkaline  air,  difcovered,  ii.  368  ; 
water  impregnated  with  it,  372; 
mixed  with  other  kinds  of  air, 
575  ; with  liquids,  377;  with 
folid  fubftances,  378  ; lighter 
than  acid  air,  381 ; mixed  with 
all  the  kinds  of  acid  air,  383  ; 
the  electric  fpark  in  it,  389 ; 
analized  396  ; lead,  &c.  revived 
in  it,  256,  398  ; mixed  with  vi« 
triolic  acid  air,  ii.  314 
Alum,  air  from  it,  83 
Ammoniac,  nitrous,  formed  by  ni- 
trous air,  398. 
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Animal fuhfiances,  air  from  them 
by  heat,  94  ; how  aiFeded  by 
fpirit  of  nitre,  iii.86 ; producing 
green  vegetable  matter,  322. 
Apparatus,  for  experiments  on  air, 
la 

Aqua  Regia,  a new  kind  of  it,  iii. 

Argand,  Mr.  his  lamp  recom- 
mended, 41 

Arfenic,  inflammable  air  from  it 
by  heat  and  fteam,  204 
AJhes,  attrad  fijced  air,  137 
— : — of  pit-coal,  air  from  them,  9 1 j 
of  rjuood  do.  90 

Atmofpherical  air,  by  what  pro- 
cefles  not  injured,,  ii.  189  ; by 
what  it  is  injured,  203  ; by  iron 
and  fulphiir,  &c.  203  ; by  fumes 
of  charcoal,  206 ; by  calcination 
of  metals,  209 ; by  putrefadion, 
ai6;  by  calces  of , copper  and 
iron,  219;  by  vapour  of  mer- 
cury, 225;  by  oils,  227;  by  oil' 
of  turpentine,  23Z;  by  fpirit  of 
nitre,  236;  by  water  frefli  djf- 
tilled,  243;  by  flowers,  247; 
by  the  eledric  fpark,  248;  by 
putrid  marfhes,  253  ; by  inflam- 
mable air,  266;  its  purity  in 
different  circum ft ances,  259 ; re- 
ftored  by  vegetation,  iii.  247, 
a73>  293 

B 

Balloons,  the  cheapeft  method  of 
filling  them,  291 
Bafaltes,  air  from  it,  64 
Bath  (water,  air  from  it,  59 
Belemnite,  air  from  it,  78 
Bile,  imbibes  nitrous  air,  396 
Black,  Dr.  his  difcoveries  con- 
cerning fixed  air,  4 
■■  , pQ(wder  from  mercury, 

iii.  43a 

Bladder,  air  ading  through  it,  1 74, 

- iii.  388 


Blood,  air  from  it,  99 ; ufe  of  it, 

iii*  348 

Bones,  air  from  them  by  fteam, 
300 

Boyle,  Mr.  his  difcoveries  concern- 
ing air,  3 

Bro^wning,  Dr.  his  obfervations  on 
air  in  Pyrmont  water,  4 

C 

Calces  of  metals,  imbibe  inflam- 
mable air,  248 ; revived  in  al- 
kaline air,  25  6 i air  from  them, 
ii.  469 

Calcination  of  metals,  injures  air, 

ii.  209,  219 

Candles,  the  burning  of  them  in- 
jures air,  ii.  213 

Carets,  inflammable  air  from  them, 
211 

Cawendijh,  Mr.  his  difcoveries  con- 
cerning air,  5 
Chalk,  air  from  it,  72 
Charcoal,  air  from  it  and  finery 
cinder,  204,  297;  abforbs  in- 
flammable air,  223;  air  from  it 
by  fteam,  284;  heated  in  ni- 
trous air,  ii.  38  ; fumes  of  it  in- 
jure air,  206 ; heated  in  dephlo- 
gifticated  air,  iii.  377;  its  con- 
duding  power,  iii.  396  ; its  ex- 
panfion  by  heat,  410;  air  from 
it,  and  imbibed  by  it,  414 

• — of  metals y iii.  425  ; of 

copper  heated  in  dephlogifti- 
cated  air,  164,  iii.  377 
Cigna,  Mr,  his  difeovery  concern- 
ing the  rednefs  of  the  blood, 

iii.  359 

Clay,  air  from  it,  71,  80 
Clyjfas,  of  nitre,  air  from  it,  352 
Coak,  air  from  it  by  fteam,  303 
Coal  pit,  ftate  of  the  air  in  it,  79 
Comfrey,  growing  in  inflammable 
air,  iii.  337 

Conducting  po^wer,  of  certain  fub- 
ftances,  iii.  512 

Copper,  the  firing  of  paper  dipped 

in 
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in  a folution  of  it,  iii.  203 ; calx 
of  it  heated  in  inflammable  air, 
489  ; folution  of  it  in  fpirit  of 
nitre  expofed  to  a continued 
heat,  521,  529 
Copperas^  air  from  it,  85 

D 

Dephloglfllcated  air,  enters  into  the 
compoiition  of  fixed  air,  145 ; 
the  difcovery  of  it,  ii.  loa;  pro- 
duced by  fpirit  of  nitre  and  the 
calx  of  lead,  120 ; from  various 
kinds  of  earth,  128;  from  vitri- 
olic acid  and  the  metals,  141 ; 
do.  and  other  fubftances,  149  ; 
from  feveral  mineral  fubftances, 
3:54;  combuftion  and  refpira- 
tion  in  it,  160;  great  purity  of 
it,  170;  procured  in  large  quan- 
tities from  nitre,  173;  “white 
matter  depofited  from  it,  178; 
plants  growing  in  it,  iii.  276  j 
quantity  of  it  confumed  in  re- 
fpiration,.  375;  emitted  from 
green  vegetable  matter,  282 
Dephlogijiicated  nitrous  air,  the  dif- 
covery of  it,  ii.  54;  from  the  fo- 
lution of  metals  in  nitrous  acid, 
58 ; by  iron  filings  and  fulphur, 
70;  by  iron  in  a folution  of  cop- 
per, 76;  feparated  from  phlo- 
gifticated  air,  81 ; converted  in- 
to dephlogifticated  air,  89  ; its 
conftitution,  97 
Detonation,  explained,  ii.  181 
Dining  rooms,  ft  ate  of  the  air  in 
them,  ii.  264  ' 

Duck  weed,  in  inflammable  air,  iii, 
337 

E 

Electric  /park,  in  fixed  air,  112;  in 
nitrous  air,  ii.  22 ; in  dephlogif- 
ticated nitrous  air,  92;  in  com- 
mon air,  248;  in  marine  acid 
air,  293;  in  vitriolic  acid  air, 
323;  in  alkaline  air,  389;  in  va- 
rious liquids,  iii.  508 
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Ether,  inflammable  air  from  it  by 
eledricity,  196;  by  heat,  201; 
faturated  with  marine  acid  air, 

ii.  286;  impregnated  with  ni- 
trous vapour,  iii.  138;  various 
experiments  on  it,  ii.  436 

F 

Finery  cinder,  air  from  it  and  char- 
coal, 204,  297  ; various  experi- 
ments relating  to  it,  iii.  504. 

Fijhes,  their  refpiration,  iii.  382; 
in  water  impregnated  with  fix- 
ed air,  386;  air  in  their  blad- 
ders, ii.  462 

Fixed  air,  water  impregnated  with 
it,  43  ;preferving  flefh  meat,  iii, 
5 64 ; directions  for  the  procefs, 
48 ; fatal  to  animals,  ico  j to 
vegetables,  loi;  the  eleCtric 
fpark  in  it,  112T  its  acidity 
proved,  119;  expelled  from  wa- 
ter by  boiling,  120;  the  freezing 
of  water  faturated  with  it,  120; 
how  affected  by  iron  filings  and 
fulphur,  121;  changed  by  being 
incorporated  with  water,  1^23  ; 
expofed  to  heat,  125  ; a fource 
of  deception  from  its  being  con- 
tained in  water,  125  ; in  acetous 
fermentation,  126 ; from  putrid 
mice,  127  ; water  efiential  to 
it,  129  ; procured  from  nitrous 
acid,  133 ; from  the  atmofphere, 
136;  from  the  vitriolic  acid, 
142;  compofed  of  dephlogifti- 
cated air  and  phlogifton,  145; 

iii.  377  ; by  heating  fubftances 
containing  phlogifton  in  dephlo- 
gifticated air,  i.  159  ; from  fub- 
ftances containing  dephlogifti- 
cated air  in  inflammable  air, 
167  ; not  contained  in  minium, 
&c.  172  j procured  by  inflam- 
mable or  nitrous  air  aCting  on 
dephlogifticated  air  through  a 
bladder,  174 

Flejh  meat,  inflammable  air  from 

the 
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the  putrefadion  of  it,  216;  pre- 
ferved  by  water  impregnated 
with  fixed  air,  iii.  564 
Flowers,  their  effluvia  injure  air, 

ii.  247 

Fluor  acid  air,  the  difcovery  of  it, 
ii*  339  ; water  faturated  with 
it,  342  ; the  conftitution  of  it, 
349  ; various  fubftances  expofed 
to  it,  353  ; mifcellaneous  ex- 
periments on  it,  363  ; conodes 
glafs  when  hot,  366 ; mixed 
with  alkaline  air,  iii.  565 
Franklin,  Dr.  his  letter  on  the  re- 
ft oration  of  air  by  vegetation, 

iii.  269 

Freezing,  of  water  impregnated 
with  vitriolic  acid  air,  359 
Fruits,  inflammable  air  from  them. 


Gas,  an  unneceffary  term,  9 
Granite,  air  from  it,  67  ^ 

Green  •vegetable  matter,  giving  pure 
air,  iii.  282  ; its  natural  hiftory, 
306  ; from  vegetable  fubftances 
in  water,  312 ; from  animal  fub- 
ftances, 322 

Gunpoejuder,  air  from  it.  351  j fired 
in  different  kinds  of  air,  iii.  205 ; 
a production  fimilar  to  it,  206 
Cypfum,  air  from  it,  69 

H 

Flaks,  Dr.  his  difeoveries  concern- 
ing air,  5 

Heat,  its  effeCts  on  different  kinds 
of  air,  ii.  448  ; how  conducted 
by  them,  457;  long  continued 
experiments  with  it,  iii.  516 
Helmont,  Van,  his  difeoveries  epn- 
cerning  air,  2 

Flot-houfes,  ftate  of  the  air  in  them, 
ii.  263 

1 

Ice,  in  marine  acid  air,  ii.  292 
hfjiammabk  air,  pbfervations  on 
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it,  182;  from  metals,  182;  af- 
feCts  common  air  in  its  nafeent 
ftate,  187;  from  oil,  195;  do. 
of  turpentine,  198,  2'28  ; from 
various  fubftances  by  heat  in 
water,  200 ; do.  putrefying  in 
water,  206  ; in  mercury,  216  ; 
abforbed  by  charcoal,  223  ; pu- 
trefa<ftion  in  it,  224  ; plants 
growing  in  it,  224  ; water  im- 
pregnated with  it,  225  ; animals 
dying  in  it,  229 ; changed  by 
ftanding  in  water,  230;  the  elec- 
tric fpark  in  jt,  232  ; different 
fmell  of  it,  233  ; decompofed 
in  hot  flint  glafs  tubes,  234  ; ful- 
phurated,  241 ; imbibed  by  the 
calces  of  metals,  248  ; fulphur 
produced  by  means  of  it,  264  ; 
phofphorus  do.  262  ; nitrous  air 
do.  263  ; contains  water,  266  j 
from  charcoal  and  iron  by  means 
of  fteam,  280;  from  bones,  300; 
from  zinc,  301 ; from  coak,303; 
the  phlogifton  contained  in  it 
compared  with  that  in  nitrous 
air^  305  ; analyfis  of  different 
kinds  of  it,  308  ; burned  with 
nitrous  air,  408  ; how  it  affeCls 
common  air,  ii.  266  ; from  al- 
kaline air,  389  ; fired  in  the  va- 
pour of  nitrous  acid,  iii.  177; 
from  iron  in  its  different  ftates, 
491 

, fulphurated,  24 1 

Iron,  expofed  to  fixed  air,  122 ; 
inflammable  air  from  it  by 
fteam,  288  ; heated  in  nitrous 
air,  ii.  38,  49  ; procuring  de- 
phlogifticated  nitrous  air  by  a 
folution  of  copper,  76  ; that  has 
been  ufed  to  diminifh  nitrous 
93  ; various  experiments 
relating  , to  it,  iii.  480;  heated 
in  dephlogifticated  air,  ib.  in- 
flammable air  frorh  it  in  differ- 
ent ftates,  491 ; annealed,  493  ; 
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precipitated  from  its  folutions 
by  heat,  539 

Iron  ore,  air  from  it,  74  ^ 

Iron filings  and fulphur,  in  fixed  air, 
lai ; air  ^om  it,  184;  dimi- 
nifhes  nitrous  air,  ii.  6 ; ^ pro- 
duces dephlogifticated  nitrous 
air,  71 ; affedls  common  air, 
ao3 

L 

Landriani^  Sig.  his  obfervations  on 
volcanic  fires,  ii.  158 
Lane,  Mr.  his  difcovery  concern- 
ing water  impregnated  with 
fixed  air,  5 
Larua,  air  from  it,  64 
Lavoifier,  Mr.  his  theory  confider- 
ed,  iii.554 

Lead,  nuhite,  air  from  it,  86 
Lee,  Sir  Wm.  his  account  of  pre- 
ferving  flefii  meat  by  water  im- 
pregnated with  fixed  air,  iii. 
564 

Light,  ;ts  effect  on  phlogifticated 
nitrous,  vapour,  ili.  ia6  ; its  in- 
fluence on  the  produdion  of 
pure  air  from  plants,  293 
Lime  fione,  air  from  it,  71 
Li’ver  of  fulphur,  produces  dephlo- 
gifticated nitrous  air,  ii.  73  ; in- 
jures common  air,  aoj 
M 

Macbride,  Dr.  his  obfervations  on 
fixed  air,  4 

Manganeje,  air  from  it,  ii.  154  ; by 
fteam,  i.  303 

Marine  acid,  its  colour,  iii.  208 ; 
difcharged,  221 ; various  fub- 
ftances  faturated  with  it,  215  ; 
effe<5l  of  continued  heat  upon  it, 
iJ27  ; dephlogifticated,  235  ; the 
eledtric  fpark  taken  in  it,  iii. 
509 

Marine  acid  air,  the  difcovery  of 
it,  ii,  275  ; its  efFedls  on  fub- 
ftances  containing  phlogifton, 
s8o ; on  fubftances  containing 
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the  ftronger  acids,  289;  on  ice, 
292;  extinguifhes  flame,  293; 
the  eledtric  fpark  in  it,  ibid. 

Marjhes,  putrid,  injure  common 
air,  ii.  253 

Majficot,  heated  in  inflammable 
air,  iii.  550 

Mercury,  fome  appearances  in  the 
folution  of  it  explained  by  ni- 
trous air,  403 ; the  vapour  of  it 
injures  common  air,  ii.  225 ; the 
air  fuppofed  to  be  contained  in 
it,  471;  in  vapour,^  conducts 
eledlricity,  iii.  513  ; the  folution 
of  it  expoied  to  continued  heat, 
521 ; agitated  in  water,  446  ; 
in  fpirit  of  wine,  455  ; in  acid 
liquors,  461 ; its  three  ftates, 
456  ; how  affedled  by  long  agiv 
tation,  464  ; its  great  volatility, 
470 

Mercury,  the  black  po<iuder  from,  it 
and  lead,  iii.  4325  air  from  it, 
i.  15 1 

Metals,  inflammableair  from  them, 
182  ; the  charcoal  of  them,  iii. 
425  ; the  proportion  of  phlo- 
gifton in  each  of  them,  i.  258. 

Mice,  obfervations  concerning 
them,  17  ; air  yielded  by  them, 
97,  127  ; by  putrefying  in  mer- 
cury, 219 

Mineral fubfiances,  air  from  them 
by  heat,  63 

Minium,  impregnated  with  nitrous 
vapour,  iii.  167;  its  colour,  how 
affedted  by  heat,  531 

Molybdena,  air  from  it  75 

Monge,  Mr.  his  obfervations  on  the 
eledtric  fpark  in  fixed  air,  116 

N 

Nitre,  the  quantity  of  dephlogifti- 
cated air  from  it,  ii.  173  ; the 
formation  of  it,  187  ; injures 
air,  240 

Nitrous  acidi  convertible  into  fixed 
air,  1335  yields  pure  air,  ii. 

120, 


sn 
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120,  128  ; the  vapour  of  it  in- 

' jures  air,  236;  abforbs  nitrous 
air,  382  : produced  by  decom- 
pofing  nitrous  air  and  dephlo- 
gifticated  air,  28  ; obfervations 
on  the  procefs  for  making  it, 
iii.  I ; its  different  colour  and 
llrength,  9, 15  ; the  phlogiltica- 
tion  of  it,  3 1 ; compofed  from 
dephlogifticated  and  inflamma- 
ble air,  42  ; its  adion  on  veget- 
able fubftances,  65  ; on  animal 
fubftances,  86  ; inflammable  air 
fired  in  the  vapour  of  it,  iii. 
177;  mixed  with  vitriolic  acid, 
184 ; mifcellaneous  experiments 
on  it,  203  ; the  eledric  fpark 
taken  in  it,  409 

Nitrous  air,  how  mixed  with  com- 
mon air,  26 ; formed  from  in- 
flammable air,'  263  ; the  phlo- 
giftonin  it  and  inflammable  air, 
305  ; the  difcovery  of  it,  328  ; 
the  quantity  of  it  fi*om  different 
metals,  330  ; from  galls,  334 ; 
from  vapour  oi^  fpirit  of  nitre 
and  water,  335  ; the  quantity 
of  it  increafed  by  the  acid  being 
previoufly  converted  into  va- 
|)our,  341 ; from  phlogifticated 
nitrous  acid,  347  ; a teft  of  the 
purity  of  air,  354  ; old  and  frefh 
made  compared,  363 ; water  im- 
pregnated with  it,  364  ; abforb- 
ed  by  oils,  372  ; by  alkalis,  378 ; 
by  fpirit  of  wine,  380  ; by  acids, 
381 ; its  antifeptic  power,  391 ; 
imbibed  by  bile,  396  ; forms 
nitrous  ammoniac,  398  ; ex- 
plains fome  appearances  in  the 
Solution  of  mercury,  402 ; the 
freezing  of  water  impregnated 
with  it,  407 ; burned  with  in- 
flammable air,  408  ; plants  and 
animals  in  it,  409 ; recommend- 
ed to  be  ufed  in  glyfters,  410  ; 
diminifhed  by  ftanding  in  wa- 
ter, ii.  I ; not  affe<fled  by  fleam, 


5 ; diminifhed  by  iron  filings 
and  fulphur,  6 ; by  a folution  of 
green  vitriol,  8,  20 ; by  char- 
coal, 1 8 ; by  long  ftanding  in 
water,  ib.  by  pyrophorus,  19  ; 
by  the  eledlric  fpark,  22  ; pro- 
duces nitrous  acid  with  dephlo- 
gifticated air,  28  ; contains  wa- 
ter, 34  ; iron  heated  in  it,  38, 
49  ; produces  volatile  alkali,  41 ; 
its  conftituent  principles,  46  ; 
contains  no  nitrous  acid,  47  ; 
pyrophorus  fired  in  it,  50  ; di- 
miniflied  in  a bladder,  iii.  388 
Nitrous  air,  dephlogijiicated,  ii.  13  ; 
heating  iron  and  charcoal  in  it, 
38 

Nitrous  njapour,  phlogijlicated, 
makes  nitrous  air  with  water, 
335,  341 ; how  produced,  iii. 
100;  obfervations  on  it,  115  ; 
imbibed  by  animal  oils,  106  *,  in- 
fluence of  light  upon  it,  126  ; 
water  impregnated  with  it,  129; 
oil  and  fpirit  of  wine  impreg- 
nated with  it,  136;  acids  do. 
144  ; oil  of  vitriol  do.  156  ; fo- 
lid  fubftances  do.  165 
Nooth,  Dr.  his  method  of  impreg- 
nating water  with  fixed  air,  55 
O 

Odours,  do  not  affume  the  form 
of  air,  ii.  406 

Oil,  inflammable  air  from  it  by 
ele<5tricity)  195  ; abforbs  nitrous 
air»372;  injures  common  air, 
ii.  227  ; impregnated  with  phlo- 
gifticated nitrous  vapour,  iii.  1 3 6 
, animal,  imbibe  phlogifticat- 
ed nitrous  vapour,  iii.  106 

inflammable  air  from  them, 
207 

P 

Parker,  Mr.  his  merit  in  conftrud- 
ing  burning  lenfes,  173 
Parjnips,  inflammable  air  from 
them,  21 1 

Per/piratiotiy 
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Perfplrationy  does  not  injure  air, 

ii.  192 

Phlogijticated  fl/rjobfervations  con- 
cerning it,  ii.  188  ; effect  of  wa- 
ter upon  it,  271 

Phlogiflon,  in  fixed  air,  145,  iii. 
377;  the  proportion  of  it  in 
inflammable  and  nitrous  air,  i. 
305  ; the  dodrine  of  it  defend- 
ed, iii.  540 

Phofphoric  add,  obfervations  on  it, 

iii.  240  ; the  eledric  fpark  in  it, 
510 

Phofphorusy  heated  in  dephlogifti- 
cated  air,  170;  produced  by 
inflammable  air,  262 
Plants,  in  fixed  air,  loi  ; in  in- 
flammable air,  224  ; in  dephlo- 
gifticated  air,  iii.  276 
Predpitate  per  fe,  heated  in  inflam- 
mable air,  168;  formed  by  de- 
phlogifticated  air,  ii.  185 
Pringle,  Sir  John,  letter  to  him 
concerning  putrid  marjflies,  ii. 

Prujfian  blue,  heated  in  dephlogif- 
ticatedair,  160 

PutrefaBion,  injures  air,  ii.  216 
Pyrophorus,  in  nitrous  air,  ii.  50 ; 
injures  common  air,  206;  im- 
bibes air,  iii.  423 
R 

Radical  •vinegar,  air  from  it  with 
- whiting,  li.  153 

Refpiration,  experiments  on  it,  iii, 
348;  offilhes,  382 
Ro^vley  rag,  air  from  it,  66 
Rujlingy  of  metals  in  air,  ii.  186 
S 

Saline  fuhjiances,  air  from  them,  8x 
Schijlus,  air  from  it,  70 
Sea  civeed,  air  contained  in  its  blad- 
ders, iii.  279 

Seltzer  nvater,  obfervation  on  it  at 
at  the  well,  62 

Spirit  of  wine,  inflammable  airfrom 
it  by  eledricity,  197  ; by  heat, 
300  j abforbs  nitrous  air,  380; 


not  convertible  into  air  by  boil- 
ing, ii.  405  ; impregnated  with 
phiogifticated  nitrous  vapour, 
iii.  14 1 ; mercury  agitated  in 
it»  455  . 

Steam,  its  a^ftion  on  various  fub- 
ftances  by  heat,  301 ; air  ex- 
pofed  to  it,  ii.  200 ; its  condud:- 
ing  power,  iii.  512 
Steatites,  air  from  it,  76 
Steel,  air  from  it,  iii.  500 
Stones,  air  from  them,  77 
Sugar,  air  from  it,  90 
Sulphur,  inflammable  air  from  it 
by  fteam,  203  ; in  marine  acid 
air,  ii.  283  ; formed  from  vitri- 
olic acid  air,  333 

T 

T' artar,  air  from  it,  87 

Terms,  obfervations  on  the  uie  of 

' them,  8 

Terra  ponderofa,  ufed  to  prove  the 
prefence  of  water  in  fixed  air, 

130 

Theory,  obfervations  relating  to  it> 

iii-  533  

Tin,  in  fpirit  of  nitre,  ii.  65 
Toadjione,  air  from  it,  67 
Turbith  mineral,  heated  in  dephlo- 
gifticated  air,  169 
Turnips,  inflammable  air  from 
. them,  212 

Turpentine,  fpirit  of  it,  air  from  it 
by  eledlricity,  198 ; by  he^t, 
201 ; inflammable  air  in  it,  228  ^ 
abforbs  air,  ii.  232 
U 

Urine,  air  from  it,  98  ; its  effects 
on  inflammable  air,  &c.  462 

V 

Vapour,  how  diftinguifhed  from 
air,  II 

Vat,  fermenting,  the  air  incum- 
bent upon  it,  44 

Vegetable  fubfiances,  how  alfeded 
by  fpirit  of  nitre,  iii.  65  ; pro- 
duce 
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duce  gi'eeh  matter,  313  ; air 
from  them,  87 

Vegetables^  in  fixed  air,  10 1 ; in 
dephlogifticated  air,  iii.  276 
Vegetation,  reftores  air  injured  by 
combuftion,  iii.  247  ; byputre- 
fadlionj  255 

Vinegar,  mercury  agitated  in  it, 
iii.  46% 

— , radical,  not  convertible 

into  air  by  boiling,  ii.  402 
Vitriol,  green,  a folution  of  it  di- 
miniihes  nitrous  air,  ii.  9 
Vitriolated  tartar,  air  from  it,  82 
Vitriolic  acid,  fixed  air  from  it,  142; 
yields  pure  air,  141,  149  ; from 
vitriolic  acid  air,  ii.  330 ; im- 
pregnated with  nitrous  vapour, 
iii.  156 ; mixed  with  nitrous 
acid,  184;  the  eledric  fpark 
taken  over  it,  iii.  509 
Vitriolic  acid  air,  the  difcovery  of 
it,  ii.  295  ; from  metals,  301 ; 
water  impregnated  with  it,  307  j 
compared  with  marine  acid  air, 
313  ; mixed  with  alkaline  air, 
314;  with  other  kinds  of  air, 
316;  fubftances  containing  phlo- 
gifton  expofed  to  it,  318;  the 
cledric  fpark  in  it,  323;  iii.  470; 
converted  into  vitriolic  acid, 
330  ; the  freezing  of  water  im- 
pregnated with  it,  359 ; do.  ex- 
pofed to  a continued  heat,  iii. 
526 

Volcanic Jires,  how  fuppoited,  63 


W 

Wad,  black,  air  from  it,  76 

Water,  the  ft  ate  of  air  in  it,  56  ? 
neceflary  to  inflammable  air^ 
266  ; impregnated  with  nitrous 
air,  364  ; neceflary  to  nitrous 
air,  ii.  34  ; necelTary  to  the  de- 
compofition  of  nitrous  air  by 
iron,  98  ; impregnated  with  vi- 
triolic acid  air,  307  ; with  fluor 
acid  air,  342  ; with  alkaline  air^ 
372 ; with  phlogifticated  nitrous 
vapour,  iii.  129  ; frefh  diftilled 
injures  air,  ii.  242  ; its  effed  oii 
phlogifticated  air,  27 1 ; its  feem- 
ing  converfion  into  air,  407  ; of 
ufe  in  fertilizing  meadows,  iii. 
305  ; mercury  agitated  in  it, 
446  ; the  quantity  of  marine 
acid  air  and  vitriolic  acid  air  ne- 
ceflTary  to  faturate  it,  iii.  564 

Weights,  ufed  in  thefe  experiments^ 
4a 

White  matterhom  dephlogifticated 
airjii.  178 

Willoqv plant,  abforbs  air,  iii.  331 
its  growth  in  different  kinds  of 
air,  336 

Wines,  air  from  them,  92 
Z 

Zinc,  inflammable  air  from  it  and' 
fulphur,  186  ; air  from  it  by 
fteam,  301 ; by  fpirit  gf  nitre^ 
ii.  60; 


ERRATA. 

i^age  100,  in  the  title  of  fedion  IX.  for  dephlogifticated,  rt^dphk^ 
gifticated. 

Page  273,  in  the  title  of  fedion  III,  for  nitrated,  read  vitiated. 
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CATALOGUE  of  BOOKS, 

writtenby  , 

Dr.  PRIESTLEY, 

AND  PRINTED  FO  K 

y JOHNSON,  Bookfdler,  No.  72,  St.  Paul’s  Church  Yard,  Londont 


i.  '^HE  Hiftory  and  Preffent  State  of  Electricity,  with  ori- 
-1-  ginal  Experiments,  illuftrated  with  Copper-plates,  4tlv 
Edition,  corrected  and  enlarged,  4to.  il.  is. 

2.  A Familiar  Introduction  to  the  Stud  y of  Electrici- 
ty, 5th  Edition,  8vo.  2s.  6d. 

3.  The  Hiftory  and  Prefent  State  of  Difcoveries  relating  to  Vi- 
sion, Light,  and  Colours,  2 vols,  4to.  illuftrated  with  a great 
Number  of  Copper-plates,  il.  iis.  6d.  in  boards,  il.  iSs.  bound.  • 

4.  A Familiar  Introdudion  to  the  Theory  and  Practice  of  Per- 

spective, with  Copper-plates,  ad  Edition,  5s.  in  boards,  6s, 
bound.  ■' 

5.  A New  Chart  of  History,  containing  a View  of  the  prin- 
cipal Revolutions  of  Empire  that  have  taken  Place  in  the  World  j 
with  a Book  defcribing  it,  containing  an  Epitome  of  Univerl'at 
Hiftory,  4th  Edition,  los.  6d. 

6.  A Chart  of  Biography,  with  a Book  containing  an  Ex-^ 
planationof  it,  and  a Catalogue  of  all  the  Names  infertedin  it,  6th 
Edition,  very  much  improved,  10s.  dd,. 

N.  B.  Tbefe  Charts  mounted  on  Can’vas  and  Rollers ^ to  be  hung  up  ' 
in  a Study,  &c.  are  14^.  each, 

7.  Lectures  on  Hiftory  and  General  Policy.;  to  which  is 
prefixed,  an  Eflay  on  a Courfe  of  Liberal  Education,  for  Civil 
and  Adlive  Life,  8vo.  in  boards  il.  is. 

8.  The  Rudiments  of  English  Grammar,  adapted  to  the 
Ufe  of  Schools,  is.  6d,  bound. 

The 


O O K S written  by  Dr.  P R I E S T L E 

Theaforefaid  Grammar,  with  Notes.and  Obfervations,  forth^i 
Ufe  of  thofe  who  have  made  fome  Proficiency  in  the  Language^ 
’The  4th  Edition,  3s.  bound. 

9.  Observations  relating  to  Education  : more  efpecially 
as  it  relpefls  the  Mind,  To  which  is  added,  An  Eflay  on  a Courfe 
Of  Liberal  Education  for  Civil  and  Active  Life,  2d  Edition,  3s.  6d. 
in  boards. 

10.  A Course  ofLEcfuREs  oh  Oratory  and  Criticism^ 
4to.  los.  6d.  in  boards,  14s.  bound. 

II.  An  EfDiy  on  the  firft  Principles  of  Government,  and  on  the  Na- 
ture of  Political,  Civil,  and  Religious  Liberty,  2d,  Edition,  much 
enlarged,  4s.  in  boards,  5s.  bound.  /«  this  Edition  ar'e  introduced 
the  Remarks  on  Church  Authority,  in  Anfwer  to  Dr.  Balguy, 
formerly  publtjhed  fepar  at  elji 

12.  An  Examination  of  Dr.  Reid’s  Inquiry  into  the  Human 
Mind,  on  the  Principles  of  Common  Senfe,  Dr.  Beattie’s  Efl'ay 
on  the  Nature  and  Immutability  of  Truth,  and  Dr.  Oswald'5 
Appeal  to  Common  Senfe,  in  Behalf  of  Religion,  ad.  Edit.  55. 
in  boards,  6s.  bound. 

13.  Hartley’s  Theory  of  the  Human  Mind,  on  the  Prin- 
ciple of  the  Aflbeiation  of  Ideas,  with  Efl'ays  relating  to  the  Sub- 
j,e6l  of  it,  8vu.  55.  in  boards,  6s.  bound. 

14.  Disquisitions  relating  to  Matter  and  Spirit.  To 
which  is  added,  the  Hittory  of  the  Philofophical  Do6trine  concern- 
ing the  Origin  of  the  Soul,  and  the  Nature  of  Matter;  with  its 
Influence  on  Chriftianity,  efpecially  with  refpefl  to  the  DoClrinc 
of  the  Pre-exiftence  of  Chrift.  Alfo  the  Doftrine  of  Philofophi- 
cal Necefiity  illuftrated,  the  2d.  Edition  enlarged  and  improved, 
with  Remarks  on  thofe  v/ho  have  controverted  the  Principles  of 
them,  a vois.  8$.  6d.  in  boards,  10s.  bound. 

15.  A Free  Discussion  of  the  Doctrines  of  Materia- 
lism and  Philosophical  Necessity,  in  a Correfpondence 
between  Dr.  Price  and  Dr.  Priestley.  To  which  are  added 
by  Dr.  Priestley,  an  Introduction,  explaining  the  Nature 
of  the  Controverfy,  and  Letters  to  feveral  Writers  who  have  animad- 
verted on  his  Difquifitions  relating  to  Matter  and  Spirit,  or  hii 
Treatife  on  Necefiity,  8vo.  68.  fewed,  7s.  bound. 

16.  A Defence  of  the  Do6trineof  Necessity,  in  two  Letter^ 
to  the  Rev.  Mr.  John  Palmer,  ;2S, 


17.  A Let* 


BOOKS  njorltien  by  Dr.  PRIESTLEY. 

17.  A Letter  to  Jacob  Bryant,  Efq  j in  Defence  of  Philofo- 

pbical  Neceffity,  is. 

The  t^o  preceding  Articles  may  be  properly  hound  up  nvith  the  fecond 
volume  o/Dirquifitions  on  Matter  and  Spirit. 

18.  Letters  to  a Philosophical  Unbeliever,  Parti. 
Containing  an  Examinaiion  of  the  principal  Objections  to  the 
Doctrines  of  Natural  Religion^  and  efpecially  thofe  contained  in  the 
Writings  of  Mr.  Hume,  3s.  fewed. 

19.  Additional  Letters  to  a Philosophical  Unbe- 
liever in  Ani'wer  to  Mr.  William  Hammon,  is.  6d. 

20.  Letters  to  a Philosophical  Unbeliever,  Part  11. 
Containing  a State  of  the  Evidence  of  Revealed  Religion,  with 
Anisnadverhons  on  the  two  lalt  Chapters  of  the  lirft  Volume  of 
Mr.  Gibbon  s Hijiory  of  the  Decline  and  Fall  of  the  Roman  Empire ^ 3s. 

N.  B.  "^he  t-ivo  proceding  PartSy  bound  together y 7s.  6d. 

21.  A Harmony  of  the  Evangelists  in  Greek.  To  which 
are  prefixed,  Critical  Dissertations  in  Englifh,  4to.  14s.  in 
boards,  17s.  bound. 

22.  A Harmony  of  the  Evangelist  in  EngUJhy  with  Notes, 
and  an  occafxonal  Paraphrafe  for  the  Uf'e  of  the  Unlearned.  To 
which  are  prefixed,  Critical  DifTertations,  and  a Letter  to  the  Bi- 
fliop  of  Oflbry,  4to.  12s.  in  boards,  15s.  bound. 

N.  B.  Thofe  Hvho  are  pojjejj'ed  of  Greek  Harmony,  may  ha've 
'this  in  Engliih  without  the  Critical  DifTertations,  8s.  in  boards. 

The  Greek  and  Englifh  Harmony  with  the  Critical  Dififer- 
tations,  complete  il.  is.  in  boards,  or  il.  4s.  bound. 

23.  Institutes  of  Natural  and  Revealed  Religion, 
in  two  Volumes,  8vo.  2d.  edition,  los,  6d.  in  boards,  12s. 
bound. 

N.  B.  The  third  Part  of  this  Worky  containing  the  DoCtrines  of 
Revelation,  may  be  had  aloncy  zs.  6d.  Je^jjed. 

24.  An  History  of  the  Corruptions  of  Christianity, 
with  a general  Conclufion,  in  two  Parts.  Part  I.  Containing 
Confiderations  addrefTed  to  Unbelievers,  and  efpecially  to  Mr. 
Gibbon.  Part  II.  Containing  Confiderations  addrefTed  to  the 
Advocates  foi  the  prefent  Eltablifliment,  and  efpecially  to  Bifhop 
Hurd,  2 vols.  8vo.  12s.  in  boards,  or  14s.  bound.  Or, 
bound  uniformly  nxtith  the  three  follouoing  Defences  ofity  in  3 <vQlst 

ll.  lOS. 

25.  A Reply  to  the  Animadversions  on  the  History  of 
the  Corruptions  of  Christianity,  in  the  Monthly  Review 

VoL.lII.  Pp  for 


BOOKS  muritten  by  Dr.  PRIESTLEY. 

for  June,  1783  ; with  Obfervations  relating  to  the  Do6lrine  of 
the  Primitive  Church,  concerning  the  Perfon  of  Christ,  8vo* 

IS. 

a6.  Remarks  on  the  Monthly  Review  of  the  Letters  to 
Dr.  Horsley  ; in  which  the  Rev.  Mr.  Samuel  Badcock, 
the  writer  of  that  Review,  is  called  upon  to  defend  what  he  has 
advanced  in  it,  6d. 

27.  Letters  to  Dr.  Horsley,  Archdeacon  of  St.  Albans, 
in  three  Parts,  containing  farther  Evidence  that  the  Primitive 
Cliriftian  Church  was  Unitarian,  7s.  6d. 

N.  B,  I'hefe  laji  three  Articles  together  in  hoards.  91.  or  los, 
bound. 

2.8.  An  History  of  Early  Opinions  concerning  Jesus 
Christ,  compiled  from  Original  V/riters ; proving  that  the 
Chriltian  Church  was  at  firft  Unitarian,  4 vols.  o6tavo,  il. 
4s.  in  boards,  or  il.  8s.  bound. 

29'  A General  History  of  the  Christian  Church,  to  the  Fall 
of  the  Weftern  Empire,  in  two  Volumes,  Oftavo,  14s.  in  boards. 

30.  A View  of  the  Principles  and  Conduct  of  the  Pro- 
testant Dissenters,  with  Refpeft  to  the  Civil  and  Ecclefialti- 
cal  Conftitution  of  England,  2d  edition,  is.  6d, 

31.  A Free  Address  to  Protestant  Dissenters,  on  the 
Subjedl  of  the  Lord’s  Supper,  3d  Edition,  with  Additions,  zs.-- 
N.  B,  The  Additions  to  be  had  alone,  is. 

32.  An  Address  to  Prot  estant  Dissenters,  on  the  fub- 
of  giving  the  Lord’s  Supper  to  Children,  is. 

33.  A Free  Address  to  Protestant  Dissenters,  on  the 
Subject  of  Church  Discipline  j with  a preliminary  Difcourfe 
concerning  the  Spirit  of  Chriftianity,  and  the  Corruptions  of  it  by 
falfe  Notions  of  Religion^  zs.  6d. 

34.  Letters  to  the  Authors  of  Remarks  on  fe'verallate  Pub- 
lications  relati‘ve  to  the  Dijfentersy  in  a letter  to  Dr.  Priejlley, 

35.  A Letter  to  a Layman,  on  the  Subjedl  of  Mr.  Lindfey’s 
Propofal  for  a reformed  Englifli  Church,  on  the  Plan  of  the  late 
Pr.  Samuel  Clark,  6d. 

36.  Three  Letters  to  Dr.  Newcome,  Bifliop  of  Waterford, 
©n  she  Duration  of  our  Saviour’s  Miniftry,  3s,  6d. 


37.  Let- 


BOOKS  nvritten  by  Dr.  PRIESTLEY. 

57.  Letters  to  the  Jews;  inviting  them  to  an  amicable  Dif- 
Cufion  of  the  evidence  of  Chriftianity,  in  two  parts,  as. 

N.  B,  "The preceding  eight  Tracts,  No.  28  to  35,  inclufive^  may 
be  had  in  2 ^ols.  boards  14s.  by  giving  orders  Jor  Dr.  Prieftley’s  large 
tra6ts. 

38.  Defences  of  Unitarianisivi  for  the  Year  1786;  con- 
taining Letters  to  Dr.  Horne,  Dean  of  Canterbury  ; to  the 
Young  Men,  who  are  in  a Courfe  of  Education  for  the  Chriftian 
Miniftry,  at  the  Univerfities  of  Oxford  and  Cambridge  ; to  Dr. 
Price ; and  to  Mr.  Parkhurft  ; on  the  Subject  of  the  Perfon  of 
Ciirift,  fecond  edition,  3s, 

39.  Defences  of  Unitarianism  for  the  Year  1787;  con- 
taining Letters  to  the  Rev.  Dr.  Geddes,  to  the  Rev.  Dr.  Price, 
Part  11.  and  to  the  Candidates  for  Orders  in  the  Two  Univerfi- 
ties. Part  II.  Relating  to  Mr.  Howes’s  Appendix  to  his  fourth 
Volume  of  Obfervations  on  Books,  a Letter  by  an  Under-Gradu- 
ate of  Oxford,  Dr.  Croft’s  Bampton  Lectures,  and  feveral  other 
Publications,  2s.  6d. 

40.  Defences  of  Unitarianism  for  the  Years  1788  and  1789; 
containing  Letters  to  the  Bifliop  of  St.  Davids,  to  the  Rev.  Mr. 
Barnard,  the  Rev.  Dr.  Knowles,  and  the  Rev.  Mr.  Hawkins,  3s,  6d. 

41.  Discourses  on  Various  Subjects,  including  feveral 
on  Particular  Occasions,  6s.  in  boards. 

42.  A Catechism  for  Children  and  Young  Perfons,  5th  Edit.  4d. 

43.  A Scripture  Catechism,  confuting  of  a Series  of  Quef- 
tions ; with  References  to  the  Scriptures,  inftead  of  Anfwers, 
»d.  Edition,  3d. 

44.  Dr.  Watts’s  Hiftorical  Catechifm,  with  Alterations,  6d, 

45.  An  Appeal  to  the  ferious  and  candid  Profeffors  of  Chrif- 
tianity,  on  the  following  fubjedts,  viz.  1.  The  Ufe  of  Reafon  in 
Matters  of  Religion.  2.  The  Power  of  Man  to  do  the  Will  of 
God.  3.  Original  Sin.  4.  Election  and  Reprobation.  5.  The 
Divinity  of  Chrift;  and  6.  Attonement  for  Sin  by  the  Death  of 

•Chrift,  a new  Edition  ; to  which  is  added,  a Concife  Hiftory  of 
thofe  Dodtrines,  ad.'  An  Edition  in  large  Print,  6d. 

46.  A Familiar  Illuftration  of  certain  pafTages  of  Scripture,  re- 
lating to  the  fame  Subj’edts,  the  2d.  Edition  6d. 

47.  Considerations  for  the  Ufe  of  Young  Men,  and  the 
Parents  of  Young  Men,  2d  Edition,  2d. 

48.  A Serious  Address  to  Matters  of  Families,  with  Form* 
pf  Family  Prayer,  2d,  Edit,  gd. 


49.  A 


BOOKS  nxjritten  by  Dr.  PRIESTLEY. 


49.  A Free  Addrefs  to  Proteftant  Diflenters  as  luch.  By  a 
Difl'enter.  A new  Edition,  enlarged  and  corredled,  15.  6d.  An 
Allowance  is  made- to  thofe  who  buy  this  Pamphlet  to  give  away. 

50.  The  Triumph  of  Truth;  being  an  Account  of  the 
Trial  of  Mr.  Elwall,  for  Herefy  and  Blafphemy,  at  Stafford 
Affizes,  before  Judge  Denton,  2d  Edition,  2d. 

51.  A Free  Address  to  thofe  who  have  petitioned  for  the 
Repeal  of  the  late  Adi  of  Parliament  infayourof  the  Roman 
Catholics,  2d.  or  12s.  per  Hundred  to  giveaway. 

52.  A General  View  of  the  Arguments  for  the  Unit-v  of 
God,  and  againlt  the  Bivinity  and  Pre-exiftence  of  Chiilt,  from 
Reafon,  from  the  Scriptures,  and  from  Hiltory,  2d  Edition,  2d. 

N.  B.  The  laft  Eleven  Tracis  may  he  had  together j in  boards,  4s. 
6d.  hy  giving  Cinders  tor  Dr.  Prieftlcy’s  fmailer  Tracts. 

53.  A Letter  to  the  Right  Flonourable  William  Pitt, 
Firlt  Lord  of  the  Treafury,  and  Chancellor  of  the  Exchequer; 
on  the  Subject  of  Toleration  and  Church  Establish- 
ments ; occafioned  by  his  Speech  againft  the  Repeal  of  the 
7'est  and  Corporation  Acts,  on  Wednefday  the  2iit  of 
March,  1787,  tlie  lecond  Edition,  is. 

54.  A Sermon  preached  before  the  Congregations  of  the  Old 
and  New  Meetings,  at  Birmingl.am,  November  5,  1789,  re- 
commending the  Cenduft  to  be  cbferved  by  Dilfenters  in  order  to 
procure  the  Repeal  of  the  Corporations  and  Teit  A6ts,  6d. 

55.  Letters  to  the  Rev.  Edward  Burn,  of  St.  Mary’s  Chapel, 
Birmingham,  in  anfwer  to  Kis,  cn  the  Infallibility  of  theapoftoiic 
Tellimony  concerning  the  Perlbn  of  Ciiiht,  is. 

56.  Familiar  Letters,  addrelTed  to  the  Inhabitants  of  the 
Town  of  Birmingham,  in  Refutation  of  feveral  Charges  advanced 
againll  the Difienters,  by  the  Rev. Mr.  Madan,  Ke(!iorof  St.  Phi- 
lip’s, in  his  Sermon,  entitled,  The  principal  Claims  of  the  Dif- 
lenters confidered,’  preached  at  St.  Philip’s  Church,  on  Sunday, 
February  14,  1790.  Parts  I.  II.  HI.  and  IV.  3s. 

jUlfo  Publijlsed  under  the  DireBion  of  Dr.  Priestley. 

THE  THEOLOGICAL  REPOSIl^ORY, 
Confifting  of  Original  EfTays,  Hints,  Queries,  &c.  calculated  to 
promote  Religious  Knowledge,  in  fix  Volumes,  8vo.  Price  il.  16s. 
ia  boards,  or  zl.  as.  bound. 
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